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ABSTRACT 

Past archeological studies of trade have concen

trated either on a search for the place of origin of 

obviously non-local artifacts excavated at a site or on 

speculation about the mode of transmission by which the 

artifact reached the site. In contrast, the model tested 

in this research is one of the first to relate trade to the 

energy requirements of a human population system. Trade is 

posited as a controller mechanism which increases energy 

flow into a human system as agricultural procedures are 

intensified under pressure from increasing population. The 

agricultural specialization thus achieved feeds the 

increased population; however, it also ties the same 

population more closely to a relatively small number of 

locales, rendering it more susceptible to local environ

mental perturbations. In energy systemic terms, the number 

and diversity of energy sources feeding into the human 

system have been reduced with resultant rise in system 

instability. Such local environmental problems would not 

present difficulties to systems using more generally 

applicable agricultural procedures. Trade extends and 

diversifies the population energy base by bringing in the 

products of other systems and increasing stability of the 

local system. At the same time, intensification of 

xiv 



agricultural techniques alienates more people from direct 

dependence on farming, since the new methods can be used 

on only a small portion of the available land. Members of 

the population resort to mass production of craft items and 

banking temporary crop surpluses in portable and easily 

converted commodities, the "luxury goods" of traditional 

archeological reporting. These result in standardization 

of many items and increasingly differential deposition of 

"luxury goods," since under pressure from population and 

differential resource availability fewer such items are 

deposited in burials and more are found in "secular" 

contexts of storage or loss. 



CHAPTER I 

INTRODUCTION 

One major trend in archeological thinking over the 

past ten years has been the development of the concept that 

culture is the species-specific extrasomatic means whereby 

human beings adapt to their environment, and the applica

tion of this concept to the formation and execution of 

hypotheses and research strategies. Lewis Binford (1962) 

has made this concept explicit by defining an ecological 

system as the systematic relationship between human 

organisms and their environment in which culture is the 

intervening variable. Analysis of the formal structure of 

artifact assemblages and the relationships between them can 

thus provide a picture of the extinct cultural system and 

its articulation with the environment of which it was a 

part.' 

This concept of culture as a system was employed by 

Longacre (1966) in his study of changes in the patterns of 

social integration in a prehistoric Southwestern pueblo. 

Defining social integration as the means by which indi

viduals and social groups are integrated to form a cohesive 

whole which must be understood in order to comprehend the 

workings of the larger social system, Longacre (1966:94) 

1 
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notes that the mechanisms by which such integration is 

accomplished are quite varied. Among them are kinship, 

religion, prescriptive marriage practices, and reciprocal 

exchange of goods and services. He then goes on to state 

that changes in the nature of social integration can and 

indeed must be viewed in relation to changes in other parts 

of the greater cultural system as an adaptive response to 

other factors such as environmental change or basic changes 

in the technological order (a view of technological primacy 

in cultural change recently questioned by Carneiro [ 1974J, 

who regards increase in population density as more of a 

major factor in such change). 

In addition to archeological studies in the South

west such as those by Longacre (1966, 1970b), Hill (1970), 

and Dean (1970) , a recent study by Ford (1972a) has shown 

that the present-day inhabitants of San Juan Pueblo in the 

northern Rio Grande Valley region of New Mexico also employ 

a variety of social mechanisms to cope with environmental 

fluctuations, including kinship-based reciprocity and 

redistribution of food and other items in connection with 

life crisis rituals and community ceremonies. He suggests 

that more serious variations in environmental variables 

require some type of feedback with more permanent effects, 

mentioning migration and warfare as two possibilities to be 

verified by archeologists. However, archeological site 

reports from the Southwest contain almost innumerable 
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mentions of the recovery of artifacts and materials traded 

from great distances. These references and the extensive 

trade networks known to have linked local communities with 

each other from California to New Mexico and further to the 

east and south in early historic times suggest that popula

tions in the Southwest may also have employed trade as a 

mechanism to cope with environmental stress (see Colton 

1941, 1960; Davis 1961; Ford 1972b; Stanislawski 1963, 1966). 

This study will examine the use or non-use of the concepts 

of trade and exotic items in the archeological literature 

dealing with sedentary agriculturalists in the Southwest, 

and some of the varying definitions and assumptions, both 

implicit and explicit, underlying their utilization. 

A model of trade based on concepts derived both from 

ecology and anthropology will then be proposed, and a series 

of corollary hypotheses will be derived and tested on data 

from three Pueblo IV (A.D. 1300-1540) sites in the northern 

Rio Grande region of New Mexico. 



CHAPTER II 

A HISTORICAL REVIEW 

In spite of the historical evidence adduced by 

Colton and others, a surprising number of archeological 

reports either fail to mention trade at all or do so only 

in passing. During the period of earliest research in the 

Southwest, prehistoric contacts between different groups 

were considered important only when mentioned in tribal 

legends. Although Fewkes (1898) was aware of historic 

trade relations between such groups as the Zuni and the 

Sobaipuri, Piman speakers of the Gila River, in general 

trade contacts are merely mentioned and dismissed as un

important in the development of the peoples of the Southwest 

Cfor instances, see Fewkes 1895, 1909a, 1909b, 1919). Such 

an attitude would continue to be widely held and still 

figures importantly in some recent studies (e.g., Leone 

1968a). 

The "Time-Space Revolution" of around 1915 (Taylor 

19 54, Longacre 1970a) introduced a concern for placing pre

historic cultures in their proper temporal and spatial 

perspective, based mainly on clusters of traits. Those 

features of human behavior which left no immediately 

recoverable traces in the archeological record were largely 
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ignored, accounting in some degree forthe neglect by later 

workers of intersite interaction as manifested in trade 

goods as well as other aspects of social organization. 

Early research reports by Kidder, a pioneer of 

Southwestern archeology, such as that on his work with 

Guernsey (Kidder and Guernsey 1919) mention trade briefly 

in the context of a discussion of shellwork in northeastern 

Arizona. By the 1920's, sufficient research had been done 

in the Southwest to warrant a general survey. Kidder's 

(1924) survey and synthesis set as the chief aims of South

western archeology the tracing of Pueblo history, discovery 

of their origins, and the study of how they increased and 

how and why they eventually failed to hold their own in 

the struggle for survival (Kidder 1924:37). Although he 

mentioned that one of the reasons the site of Pecos was 

chosen for excavation was its commercially strategic posi

tion on the edge of the buffalo plains, trade is not 

mentioned in his general summary of the work at Pecos, and 

only briefly elsewhere in the book in a discussion of 

Mexican influences. Without being too specific as to the 

exact nature of such influence or the modes by which such 

influence was transmitted or the function exchange might 

have served in prehistoric society, Kidder arrived at the 

conclusion that the Southwest owed to outside sources little 

more than the germs of its culture. This view of the 

isolated Southwest was later to be repeated by many other 
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researchers. As with other aspects of social organization 

(Longacre 1970a:6), study of trade was largely left to 

students of historic groups, as with Hodge's (1921) study of 

the turquoise trade between Zuni, the Rio Grande area, and 

Sonora. Archeologists in general confined discussion of 

trade to the recording of the presence of exotic items such 

as ornaments of Pacific coast shell and ceramic vessels 

of non-local origin (for instance Morris 1928; Roberts 1929, 

1931). A review of the progress of Southwestern archeology 

written more than a decade after Kidder's work fails to 

mention trade at all (Roberts 1936). 

Florence Hawley's study of the ceramic of Chaco 

Canyon (in Brand, Hawley, and Hibben 1937) is notable for its 

declaration that one of the most interesting problems of 

the archeology of the Chaco area is the origin of some 

pottery types and the influence of outside areas or patterns 

of culture on types of the Chaco region. Her explanation of 

the possible dynamics involved in trade in ceramics (Brand 

et al. 1937:87) is one of the few statements about trade 

at this time from which a test implication of any sort can 

be derived, namely that if agricultural produce was in fact 

traded for Chaco ceramics as she suggests, periods of 

environmental stress in the Chaco area affecting agricul

tural output should be reflected in an increase in Chaco 

wares to the east. In contrast, a much later study of Chaco 

by Vivian and Mathews (1964) suggests only that basalt 
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tempered culinary wares were imported from the Chuska 

mountains, supplying most of the Chaco culinary ware, 

failing to link this trade to any other cultural subsystems. 

A good many researchers, both in the 1930's and 

throughout the history of archeological studies in the 

Southwest, have been content to use non-local ceramics only 

for the chronological purpose of cross-dating, limiting 

their efforts to what Taylor (1948) called chronicle or 

what Binford (1968) has described as culture history. This 

use is apparent as early as Roberts (1930) and Haury (1932). 

Even the monumental study of Snaketown (Gladwin et al. 

1937) upon which much of our knowledge of the Hohokam is 

based used intrusive pottery only as an aid to cross-

dating. The main concern was with chronology, as reflected 

in Gladwin's remark that the most important question was 

whether Snaketown was occupied at the time of Christ or 

even earlier (Gladwin et al. 1937:218). 

Chronological concerns occupied other workers as 

well. Paul S. Martin's (1936) early work in southwestern 

Colorado used intrusive sherds for cross-dating only and the 

presence of Chacoan features in the area was explained by 

resorting to the postulation of movement of certain cultural 

elements from the Little Colorado-Puerco region. However, 

he at least expressed a concern for the relationships 

between communities by proposing the great kiva at Lowry, 

the only one in the vicinity, as a regional integrating 
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mechanism. Other studies continued to be preoccupied with 

chronology. Even some more recent studies with explicit 

ecological orientations employed trade wares only for 

dating purposes, as for instance with some of the early 

Navajo Reservoir studies (e.g., Dittert, Hester, and Eddy 

1961) . 

Other studies in the late 1930's and 1940's persisted 

in a concern for the origins of non-local items (e.g., 

Dutton 1938) and distributional studies (Kluckhohn and 

Reiter 1939). Often trade goods were merely mentioned (as 

in Morris 1939). In contrast to the earlier dynamic 

approach of Hawley, Roberts (1940) felt that pottery was of 

use primarily in demonstrating an early southwest extension 

of Chaco "influence" into the Whitewater District of eastern 

Arizona. Colton's 1939 study, although explicitly titled 

"Prehistoric Culture Units and Their Relationships in 

Northern Arizona," restricted itself to the delineation of 

cultures into distinct temporal and spatial entities, 

distinguishing roots, branches, and foci; the relationships 

discussed are purely of a genetic nature. Even distribu

tional studies of Mexican and Southwest contacts such as 

that by Chard (1940) dealing with ball courts, ignored 

mechanism, much less dynamics, and could only arrive at the 

conclusion that the Maya and Hohokam had received the ball-

court complex from the same as yet unknown source. 
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In 1942, a spectacular burial was uncovered by 

McGregor (1943) at Ridge Ruin, a Pueblo III site near 

Flagstaff, Arizona. Over 600 items were uncovered, most of 

non-local materials and showing a high degree of craftman-

ship, making this possibly the richest burial ever reported 

in the Southwest. McGregor admitted the find did have the 

effect of revising his concept of the rather limited 

horizons of the Southwest, but any notions of determining 

how the artifacts functioned in part of a system or systems 

of human interaction were completely lacking. 

Haury's (194 5a) publication of the work at Los 

Muertos, a Hohokam site in the Salt River Valley originally 

excavated by members of the Hemenway expedition before the 

turn of the century, fails to mention trade at all other 

than the standard use of intrusive sherds for cross-dating, 

this despite a wealth of elaborately worked shell items. 

The absence even of speculation is all the more surprising 

in view of a paper written five years earlier dealing 

specifically with prehistoric exchange and published in one 

of the major archeological journals, American Antiquity 

(Malouf 1940). In this article dealing with the northern 

periphery o± the Southwest, Malouf like so many others 

complained of the lack of information in archeological 

reports on trade and exotic items. Nonetheless, he at least 

discussed methods of exchange, such as blind trade, and set 

forth several conditions prerequisite to the exchange of 
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goods. He further essayed that exchange between groups took 

place by inter-tribal exchange rather than individual 

initiative. Although this runs counter to what is known 

from such ethnographic reports as that of Beaglehole (1937) 

on Hopi trade expeditions and general economics, Malouf 

(1940) based his statement on the distinctiveness of 

cultural remains in each area, reasoning that the indi

viduals who would have gone on such expeditions would have 

been needed at home for economic pursuits. This implies 

a rather narrow definition of economy, covering only those 

activities by which human beings extract energy directly 

from the environment such as farming and hunting, rather 

than including energy acquisitions at a secondary or 

tertiary level in trade. Malouf also states that large 

numbers of persons would have probably entered into conflict 

with the people whose area they were traversing. This 

contains the implication that large numbers of people would 

have been needed to bring in the large quantities of trade 

pieces which have been found. Such a comment overlooks the 

small size of the durable items whose presence in the 

archeological record has been construed as indicating trade 

with other locales. In fact, the small size and large 

quantities of one such category of trade items, worked 

shell, led Tower (1945) to postulate a totally different 

model than vague inter-tribal exchange, namely that of the 

Hohokam as a commercial distribution center for the 



Southwest. As such a center, the Hohokam were the final 

elaborators of rough shell and controlled shell work styles 

for much of the area. For proof, Tower adduces the 

uniformity of shell ornament styles over side areas of the 

Southwest. 

Still, many workers continued to resort to trait 

borrowing or movement of influences as explanations for 

intergroup interaction, as in Rinaldo's (1941) conclusion 

that a "pure" Mogollon culture never existed or Brew's 

(1946) demonstration of cultural continuity between Basket 

Maker and Pueblo times, rather than an invasion of alien 

peoples. In his emphasis on cultural continuity, the role 

of trade as an indicator of contact between groups is 

almost completely neglected except for a brief discussion 

of stimulus diffusion. In another article from about the 

same time, Colton (1943) at least noted that the frontier 

between groups was like a semi-permeable membrane in that 

certain cultural traits such as ornamentation passed 

through easily while others such as language and social 

structure did not. Some attempt was made in this essay to 

link trade to other aspects of the system as when Colton 

noted that crises occurred when the membrane of the 

frontier broke, as in the Great Drought of A.D. 1275-1299. 

The differential acceptability of traits was a 

concept expanded on by Haury (1945b) who divided traits 

into two categories on the basis of their general effect on 
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receptor groups. Primary or fundamental elements were 

those which lifted the plane of culture such as corn and 

corn cultivation, while secondary elements were those 

which, while distinctive, added little more than frills to 

the culture of the receptor group (Haury 1945b:62). Besides 

including traits at different levels of cultural importance 

in the same category, such as agriculture and the carving 

of stone in relief and full round, both primary elements, 

Haury failed to specify the mechanisms by which such traits 

were carried, other than stating it was attributable to 

infiltration through normal processes of diffusion. 

In a 1947 survey of Southwestern archeology, 

Wormington (1961) at least mentioned tribe to tribe contact 

as a primary mode whereby traits were transported. Vague 

as this was, she felt the study of pottery could reveal 

first if it was local or imported. This would in turn tell 

much about the cultural relationships of ancient people, 

since trade implied contact between people which would 

affect other phases of their culture. However, in spite of 

this acknowledgment that trade could affect other aspects of 

culture. Wormington generally denied its importance in the 

Southwest. This was just another instance of adherence to 

the theme of the isolated Southwest, a theme with a long and 

respectable history in the annals of Southwestern archeology 

as we have already seen. 
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According to Longacre (1970a), Martin and Rinaldo 

(1950) were the first archeologists in over forty years to 

concern themselves with the social organization of a pre

historic group, to which they devoted a chapter in their 

monograph on the Reserve Phase of the Mogollon. However, as 

with other archeologists in the period preceding this 

publication, concern with social organization, whether at 

the intrasite or intersite level, was generally absent, 

being limited to vague concerns with influence (Martin 1938, 

1940) , not dealt with at all due to insufficient data for 

reconstruction (Martin 1943) or left out altogether (Martin 

1939, 1947; Martin, Rinaldo, and Antevs 1949). Trade 

sherds again were used only for cross-dating purposes 

despite a professed interest in problems of subsistence in 

the Cochise and Mogollon cultures (Martin and Rinaldo 1950). 

In the celebrated Reserve Phase monograph Martin and 

Rinaldo (1950) set themselves a series of problems including 

determination of what political and social changes had 

accompanied such Anasazi-introduced innovations as 

contiguous surface room hamlets. However, in the realm of 

intersite interaction, the questions were limited to the 

old favorites of finding out where Anasazi influences had 

come from, whether an actual migration of Anasazi peoples 

had occurred or whether the traits alone were borrowed, and 

at what date this mixing occurred. In Chapter VI, dealing 

with conjectures on the social organization of the Mogollon 



Indians, the authors, stimulated by Eggan and Murdock, 

limited themselves to the levels of the household and 

family, going no further than postulation of the existence 

of small bands. As with their research problems, questions 

of interaction with other groups such as through trade were 

not mentioned. Similar neglect continued to characterize 

later work (for instance, Martin et al. 1952). 

Their work with the Mogollon led Martin and Rinaldo 

(1951) to propose a Southwestern co-tradition, basing it on 

a concept of Bennett's, who had developed it on the basis 

of his work in Peru. This was defined as an overall unit 

of culture history of an area within which component 

cultures had been inter-related over a period of time with 

the implication of a cultural continuum contained within 

it. In applying the concept to the Southwest, Martin and 

Rinaldo felt an area co-tradition should include four 

primary features. First, the area should have overall 

characteristics which would distinguish it from other 

areas. Secondly, it should be demonstrable that links 

exist between the subcultures or regions that provide 

evidence of their being subjected to the same general 

influences. In the Southwest it was felt this was clearly 

manifested in the growth and parallel development of 

several traits such as the evolution of metate forms. 

Other interrelationships were stated to exist which must 

have resulted from trade within the area, such as Anasazi 



pottery in Hohokam and Mogollon sites. Third, the unit 

under consideration must have definable limits in both 

space and time and, fourth, major cultural changes within 

given time periods should be more or less uniform, although 

not necessarily identical. The vagueness of interaction 

and trade concepts used in over fifty years of Southwestern 

archeological research is reflected in the unsolved problems 

the authors put forth, including why certain Hohokam traits 

had never penetrated most of the Anasazi area, why Anasazi 

materials in contrast had traveled so far and so often, and 

why the culture of the Southwest was more or less self-

contained and non-expansive. Such concern with extent of 

influences and the dynamism or lack of it in Southwestern 

prehistoric cultures can be found as far back as Kidder 

(1924), if not earlier. It continued to occupy a 

prominent position in archeological thinking, as shown in 

a seminar held in 1955 chaired by Jennings (1956) with the 

revealing title, "The American Southwest: a Problem in 

Cultural Isolation" (Wauchope 1956). Although the rise and 

fall of contacts of the Southwest with other areas as seen 

in numbers of trade goods was mentioned, again no mechanisms 

or attempts to relate it to other aspects of systemic 

adaptation were put forth except to note that the Mogollon 

served as a primary corridor of transmission of basic traits 

from the pouth. As Haury and Colton had before him, 

Jennings contrasted the appearance of trade objects, which 



demonstrated contacts but which might not have had any 

effects on the culture of the receiving group or which may 

be fitted into a quite different function in its pattern 

and acceptance of new ideas from external sources—accultura

tion. The concept of acculturation which Jennings intro

duced was a new one in Southwestern archeology and he 

defined it as taking place on a series of levels, ranging 

from basic economics up to the elaboration of ritual 

behavior. The latter was seen as occurring only in a well-

developed sedentary culture with an agricultural base, food 

surplus, and resultant free time and specialization 

(Wauchope 1956:119). The unsolved problems Jennings 

mentioned involved studies of the mechanism of diffusion 

for just about the first time, especially the question of 

what he called "culture-jumping"—why traits skipped 

intervening regions occupied by apparently similar cul

tures. In addition, Jennings also called for the first 

time for attempts to identify the archeological reality 

corresponding to such cultural concepts as "influence," 

"migration," "colonization," "trade," and "religious move

ments" (Wauchope 1956:119-120). Unfortunately, these 

questions have avoided complete resolution to this day. 

Daifuku's (1961) response to the co-tradition concept of 

Martin and Rinaldo was to deny the cultural distinctiveness 

of the Mogollon entirely, viewing the Anasazi and Mogollon 

as regional variants of a common culture, but his handling 
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of trade concepts and interaction mechanisms was as vague as 

his predecessors, being limited to talk of diffusion of 

traits and influences along various routes from Mexico. 

Judd's (1954) publication of the material culture 

remains uncovered during his excavations at Pueblo Bonito 

also remained firmly ensconced in the traditional mold. 

Although turquoise and Pacific shells were found in con

siderable quantity, his discussion of trade dealt only with 

historic information and is based largely on the researches 

of Bandelier in the late nineteenth century. No attempt was 

made to apply the ethnographic information so derived to 

the archeological context, whether by inference and analogy 

or in the form of propositions from which test implications 

could be deduced. Similarly, a survey of the literature by 

Reed (1955) was limited to a historical review, omitting any 

mention of trade. 

Wendorf's (1953) review and monograph on salvage 

archeology in the Chama Valley of New Mexico was one of the 

first projects after World War II to attempt a regional 

scope, although dealing primarily with only two sites. He 

mentions briefly the unique opportunity the area provided 

for the study of the problem of the results of contacts 

between Pueblo and non-Puebloan groups because of the 

region's geographically marginal location to the tradi

tional Anasazi heartlands to the west. The discussion 

takes the form of a survey of Pueblo and Plains relations 



in historic times but there is no discussion of mechanisms 

or the function such contacts might have performed in the 

adjustment of groups in either or both areas. 

Studies of sites in a given region continued to be 

done as shown in Morris and Burgh's (1954) study of Basket 

Maker sites in southwestern Colorado, which also failed to 

mention trade. A new development appearing in the 1950's, 

however, was a series of studies focusing specifically on 

settlement pattern. Chang (1968:3) has defined an archaeo

logical settlement as "the physical locale or cluster of 

locales where the members of a community lived, ensured 

their subsistence, and pursued their social functions in a 

delineable time period." He further goes on to state that 

"changes are to be considered 'significant and meaningful' 

if the total configuration and structure of the community 

are affected, producing a significantly new organization" 

(Chang 1968:3). By focusing on the community rather than 

individual structures, it became possible to examine social 

processes at the level of the population aggregate rather 

than the family. However, most students of this approach 

failed to realize that energy extr. <;ted by other communities 

could be utilized to ensure a community's subsistence in 

the form of trade or other forms of intergroup interaction. 

Reed (1956) surveyed types of village plan layouts in the 

Southwest, but his emphasis on site-level studies permitted 

him to come to no more definite conclusion than that 



different village layouts were tentatively linked with 

different kinds of social structure. In the same work, 

Wendorf (1956) provided a discussion of the variety of 

Pueblo village arrangements and their significance in terms 

of indicated function, social and political structure, and 

religious organizations, examining specifically the Chaco 

Anasazi and Tularosa Mogollon. Unlike Reed, Wendorf at 

least suggested that the smaller villages might have been 

integrated with large towns via great kivas, noting the 

modern pattern of scattered farming villages ceremonially 

and politically dependent on a parent village, a pattern 

noted by such ethnologists as Dozier (1965). In the same 

volume as the Reed and Wendorf studier, Haury (1956) 

suggested research in two categories. Environmental 

research, the first of these, would focus on the forces at 

work, land forms and changes through recent times. The 

second would take the form of an intensive investigation of 

human adaptation to land, a remark with a surprisingly 

ecological bent. Although nothing was ^aid about possible 

interactions with other groups, at least the germ of an 

idea was there. 

Chang (1958:307) subsequently broadened the scope of 

settlement studies to include what he called an aggregate 

of communities, a certain number of communities linked by 

close social, political, military, commercial, or religious 

ties. His study focused on Mesoamerica, Peru, and the 



Southwest and arrived at the conclusion that Neolithic 

communities were in general relatively self-sufficient so 

that aggregation would not have been a regular feature. 

He specifically denied the importance of the aggregate of 

communities in the Southwest, reasoning that, unlike 

Mesoamerica and Peru, it was never important and inter

community relationships became more hostile through time, 

with abundant record of large-scale intertown warfare in 

chronicles and native legends. Unfortunately Chang does 

not give any sources from which such legends and chronicles 

might be obtained. However, conflict seems to have been 

highly variable in the prehistoric Southwest. Some pueblos 

such as Isleta have almost no legendary accounts of 

conflict while others, such as Jemez, seem to have relished 

such conflict (Bronitsky 1974a). In a later paper, Chang 

(1962) further differentiated between settlement pattern, 

defined as those physical aspects of the settlement directly 

related to the ecology and subsistence of its inhabitants, 

and the community pattern, those aspects best interpreted 

in terms of social organization and social psychology. 

Again nothing was said about possible interaction or its 

consequences between communities. Similarly, no attempt 

was made to extend the definition of local ecology and 

subsistence beyond a primary level of direct exploitation. 

Further, Chang's dichotomy tends to obscure the role of 

social organization in subsistence strategies and implies 



that subsistence and social organization are two cultural 

subsystems which function largely independently of each 

other. 

Sites continued to be excavated and reported on in 

the Southwest which were rich in exotic items but interac

tion among communities continued to be discussed all too 

often only in terms of "influences." For instance, Wasley 

(1960b) reported finding over sixty copper bells and 

ceremonial projectile points at a Hohokam platform mound 

near Gila Bend, Arizona. He concluded that the main 

importance of the site lay in the fact that it reflected 

a northern extension into the Hohokam area of the pyramid 

idea of Mexico and corroborated other evidence indicating 

considerable Mexican influence on the Hohokam. Even 

reports noting people of different cultures such as the 

Mogollon and Anasazi evidently living side by side at the 

same site did not attempt to deal with possible interac

tions between the groups (Wasley 1960a). Other reports 

continued to ignore trade completely as evidenced in 

Breternitz' (1960) excavations in the Verde Valley. Many 

archeologists postponed dealing with trade pending future 

use of analytical methods of ceramic identification (Martin 

1962) or pleading an absence of research as an obstacle to 

studies of interaction (e.g., Olson 1963). 

Some attempts to study behavioral systems as repre

sented in the archeological record were published in the 
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early 196 0's but often with disappointing results for those 

interested in the nature and effects of contacts between 

different communities or regions. For instance, Sears's 

(1961) study, explicitly titled "The Study of Social and 

Religious Systems in North American Archaeology" restricted 

itself entirely to an intra-site level of examination. A 

somewhat later study by Rohn (1965), dealing with socio

economic groups in the Mesa Verde area, delineated three 

levels of analysis'—the household, the habitation unit, and 

the community. This latter he defined as all those features 

involved in daily activities by the inhabitants of a site 

together with its immediate environs. As an example he 

discusses the late Pueblo III community represented at Mug 

House which included the Mug House ruin proper, three small 

sites about one-third mile distant with a total of five 

rooms, an artificial water catchment, a nearby burial cave, 

and mesa-top fields and talus slope terraces. However, he 

provided no means for testing the postulated relationship 

among these features, nor was there any speculation of any 

kind as to the links which might have connected the six 

separate sites with each other or with other sites in the 

area. 

Other archeologists working in geographically 

circumscribed areas in the 1960's did propose a mechanism 

for linking communities in such areas, namely the great 

kiva, although statements from which test implications might 



have been deduced are often missing. For instance, Bluhm's 

(1960) description of Mogollon settlement patterns in the 

Pine Lawn valley of New Mexico merely noted that the 

presence of scattered great kivas which might have served 

communities consisting of several villages suggested the 

possibility of some overall intra-valley or community 

integrating force. Longacre (1964) also postulated this 

mechanism for the Mogollon as had Martin as early as 1936, 

but the main application of the concept was to be found in 

studies of Chaco Canyon with its several large well-

constructed masonry great kiva structures (for instance 

Vivian 1965, Vivian and Mathews 1964, Vivian and Reiter 

1965). Although not calling it a great kiva, a similar 

integrative mechanism was proposed by Gumerman and Skinner 

(1968) in their synthesis of the prehistory of the central 

Little Colorado Valley of Arizona. They noted the presence 

of two unusual sites in the area which were larger than 

other sites of that region and had better construction, 

plaza-type orientation, kivas constructed within the room 

block, and a higher ratio of ceremonial rooms to habitation 

units. This led them to propose that such sites may have 

served for intersettlement ceremonial participation neces

sitated by the arid environment of the valley which other

wise precluded large concentrations of people. By stating 

that this integration would not have been necessary in areas 

with more ample water supply which would have permitted 



population concentration such as the Tsegi Canyon (Dean 

1967), a functional relationship to other social and 

environmental variables was proposed which could then be 

tested but the nature and proposed workings of such a 

relationship is never put forth. 

Possible ties between Mexico and the United States 

Southwest continued to interest many archeologists, and 

specific proposals of traders akin to the pochteca, the 

long-distance traders of the Aztecs, seemed to enjoy a 

vogue in the late 1950's and 1960's. Ferdon's (1955) 

survey of Mexican and Southwestern architectural parallels 

concluded that the Mesoamerican features noticeable in the 

architecture of Chaco Canyon were introduced either by 

traders or displaced Toltec nobles, perhaps in company 

with the cult of Quetzalcoatl about A.D. 1050. The concept 

of merchants who were at the same time adherents of mis

sionary cults out of Mexico reached its greatest elabora

tion in the work of DiPeso at Casas Grandes in northern 

Mexico. The bare outlines of his ideas have been presented 

in three brief articles (DiPeso 1968a, 1968b, 1973), which 

claim that Casas Grandes was founded to exploit resources 

of turquoise, copper, salt, slaves, and peyote by 

followers of the religion of Quetzalcoatl. After destruc

tion of the city, possibly by the Opata, the region was 

later exploited after the middle of the fourteenth century 

by Aztec pochteca, although precise information supporting 
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this statement is never presented. However, DiPeso does 

document the widespread trade contacts existing between 

regions in Mexico and the Southwest at the time of the 

Spanish entrance. 

The most detailed exposition of the trader concept 

is found in a series of articles by Al Schroeder (1963, 

1965, 1966). Dealing with the problem of differential 

diffusion of traits north from Mexico, a problem of 

interest earlier to Colton and Haury, and which was a matter 

of concern at least as early as the early 1930's (e.g., 

Forde 1934), Schroeder proposed a typology of diffusion. 

Unregulated diffusion was defined as 

. . . direct, but periodic, brief trade contacts 
between two or more cultures wherein varying 
amounts of a trait assemblage (i.e., culturally, 
but non-functionally related traits) are accepted 
by and/or are adapted to the culture of the 
recipient group resulting in a trait-unit 
diffusion (Schroeder 1966:683). 

Regulated diffusion was 

. . . exchange, adopted or adapted, of a trait 
complex (i.e., functionally related traits and 
ideas) through direction or instruction by the 
donor group, with the added implication of 
lengthy periodic visits of formalized trading 
expeditions from the donor culture (Schroeder 
1966:683). 

Patterned diffusion, on the other hand, referred to "an 

actual intrusion or colonization of a group that dominates 

or blends with the pattern of the indigenous group" 

(Schroeder 1966:683). Finally, unit diffusion was that 

process "... wherein a cultural pattern intrudes and 



maintains itself as a separate identifiable ethnic unit 

within another group" (Schroeder 1966:683). This latter 

concept was basically similar to Wauchope*s (1956) site 

unit intrusion. Schroeder then discussed several areas of 

the Southwest in terms of these typological constructs, 

especially concerning himself with Site 13 at Alkali Ridge 

in southeastern Utah, originally excavated by Brew (1946). 

Here the presence of various features of ceramics, domestic 

and ceremonial architecture, wasted disposal and arrow 

points of a particular tanged type were seen as suggesting 

unregulated diffusion via direct but irregular short 

periodic trader contacts rather than specific direction 

or instructions by a seasonally-resident pochteca-like 

group (regulated diffusion) or colonization by a pochteca 

group (pattern diffusion). The absence of sites between 

southern Arizona and southeastern Utah which could have 

served as an intervening stage or area of transmission 

suggested to Schroeder the presence of regional centers 

similar to those in Mesoamerica which might have functioned 

as market, trading, ceremonial centers or some combination 

of these. These centers were possibly integrated through 

the mechanism of ball courts in the south and great kivas 

in the north. As Schroeder (1966) has noted, these appeared 

at or before the time of the postulated Hohokam-like traits 

at Alkali Ridge mentioned above, that is, by the eighth 

century. Schroeder's concepts of diffusion can be linked 
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at a very general level with other cultural subsystems in 

operation prehistorically. An example is his conclusion 

that organized Hohokam traders who leap-frogged from one 

ceremonial center to another for seasonal festivals and 

trade, presumably to take advantage of seasonally-available 

resources, account both for regulated diffusion of the idea 

of ceremonial centers and for the Hohokam-like traits found 

at Alkali Ridge (Schroeder 1963). However, his typological 

focus on the degree to which the native inhabitants of an 

area were free to adapt new traits into pre-existing 

cultural patterns makes it difficult to specify the exact 

relationship of trading and contact patterns to the 

environmentally adaptive pattern of energy extraction 

practiced by either or both of the groups in contact. This 

lack of explanatory power is apparent in his remarks that 

although regulated diffusion of Hohokam traits occurred in 

the area above the Mogollon Rim and patterned diffusion 

the region south of the rim, the reasons are unknown. 

Other studies dealing with trade often did not go 

even this far, restricting themselves to lists of traits in 

the Southwest of probable Mexican origin (e.g., Kelley 

1966, Stanislawski 1966) or attempts to determine possible 

areas of origins for such traits (for instance, Woodbury 

1966). Other reports only discussed items probably traded 

by different areas based on known historic trade without 
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any resort to mechanisms or subsistence strategies at all 

(Colton 1960) . 

A noteworthy exception to the general trend is found 

in Schaefer's (1969) analysis of the distribution of Pueblo 

IV Hopi Jedditc Black-on-yellow, one of the few quantified 

studies of trade in the Southwest. Schaefer states in his 

introduction that trade evidence can provide a solid base 

on which to erect a series of theoretical explanations for 

the behavior whose material correlates remain but, as with 

most of his predecessors, the most important value of trade 

indications is felt to lie in the ability to extend the 

Southwestern chronological sequence into other areas. Noting 

the distribution of Jeddito Black-on-yellow, which was made 

in the Hopi area but traded throughout the entire Pueblo 

area, a series of explanations are proposed to account for 

this patterning. These include the possibility that the 

ware served as a status symbol, owned only by persons of 

power or wealth; that it had religious significance of some 

kind, either through its own qualities, its Hopi origin, or 

both; that it was used in a system of ceremonial exchange 

akin to the Melanesian kula ring or that it might have 

served as a sort of currency, setting standards by which 

many exchanges could have been measured. Finally, and most 

disappointingly vaguely, he suggests that the contents of 

the vessels might have been important in some way. Without 

testing any of these propositions or even deriving 
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implications by which they might be tested in the future, 

the assumption is made that the ware was a significant trade 

item in itself, if only for its excellent manufacture, and 

was used by the Hopi as a means to obtain goods of an 

unspecific nature from other regions. To test this assump

tion the distribution of Jeddito Black-on-yellow was plotted 

according to the ratio of sites with such pottery to the 

approximate number of square miles within a quad, a unit 

determined by one degree movements of longitude and latitude, 

with the realization that the resulting distribution could 

reflect the bias of amount of excavation done rather than 

trade. The distribution thus arrived at was then compared 

to resource distribution, relying heavily on the work of 

Colton. The highest concentration outside the Hope area 

was found in the Verde Valley and it was suggested, after 

Colton, that Jeddito Black-on-yellow was traded here for 

salt, malachite and cotton. In addition, the Verde Valley 

had the only sizeable sedentary population near Hopi in the 

fourteenth and fifteenth centuries, forcing them to carry 

on most of their trade in that region. Historic Hopi trade 

with other areas and possible items exchanged is also 

described. 

Whether the Hopi were sedentary middlement or 

travelling traders, Schaefer concludes that they were in 

fact traders, a people who desired or required resources 

and materials not available in their immediate environment. 
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Accordingly, production goals were set for pottery and other 

items in excess of their own needs, producing a surplus for 

foreign markets. Schaefer further speculates that craft 

specialization at the various Hopi mesas might have led to 

regional symbiosis in the fashion described by Sanders and 

Price (1968) for Mesoamerica, with some areas producing food 

in exchange for other goods, had it not been for the Spanish 

arrival. Although it is possible to derive test implica

tions from these remarks, none are made, as was also the 

case with his other proposed explanations for ceramic 

distribution. Similarly, Schaefer (1969) puts forth other 

explanations without accompanying test propositions, namely 

that aboriginal trade was incidental to the real purpose of 

travel—the maintenance of inter-tribal relations—in which 

case Jeddito bowls would have served as gifts. However, 

Schaefer recognizes that the complexity of cultural systems 

and dynamic adaptive processes prohibits one single explana

tion for trade from being sufficient by itself. 

In contrast a somewhat earlier paper by Haury 

(1962:123-124, 128) greatly minimized the importance of 

trade. However, he admits his inability to explain those 

dynamics of cultural process as reflected in trade which he 

was able to observe, specifically the rise in pottery trade 

to significant proportions in the fourteenth century, at 

which time he states volume became large enough to make 

commerce in pottery appear as an institutionalized activity. 



Similarly, Vivian and Mathews (1964) attempted to deny the 

importance of trade by citing the absence of interpueblo 

activity among Rio Grande Pueblos in historic times and the 

absence of dominant groups based on military alliance. The 

former would seem to be contradicted by suggestions of 

southern Tiwa alliances (Bronitsky 1974a) if not among 

other groups, and the latter is opposed by Spanish accounts 

that Pecos Pueblo was feared by several pueblos due to its 

military prowess. In fact, there is some indication that 

Pecos regularly dominated these pueblos in some as yet 

unknown fashion (in Kidder 1924). Lindsay and Ambler 

(1963:90), in their study of research problems of Kayenta 

Anasazi prehistory also feel that the ethnological record 

should be more carefully examined, although they recommend 

a fashion of investigation which harks directly back to 

Fewkes, 

Ethnological work pertaining to the archaeology 
of the Kayenta area is needed, and could supplement 
archaeological data concerning population move
ments, relationships between different groups of 
people, and growth and abandonment of villages, as 
well as enabling archaeological interpretation to 
have more reliability in matters such as artifact 
manufacture and social, political and religious 
organization. 

A study of a high status burial from Grasshopper 

Ruin, Arizona, indicates how little concepts of trade and 

intersite interaction had progressed in the development of 

Southwestern archeology (Griffin 1967). This burial 

contained thirty-six vessels, more than any other burial at 



the site, and over seventy projectile points of sophisti

cated manufacture. In addition, turquoise jewelry, a 

turquoise-encrusted hair ornament, shell ornaments, and a 

carved bone wand were also found. From this, an elaborate 

funeral was inferred, with the possibility that "perhaps 

the body 'lay in state' while various social units con

tributed their due" (Griffin 1967:52). This is almost 

identical to McGregor's (1943:296) remarks about the Ridge 

Ruin magician's burial reported some twenty-five years 

earlier: "... in the case of the death of a very important 

or prominent individual, it was the practice of friends to 

contribute objects of some worth to be buried with him." 

Although boizh burials contained extensive quantities of non

local goods, in neither case was a theory of interaction 

proposed or even suggested nor was a model propounded which 

would have linked recovered artifacts with other systemic 

processes, much less test implications. Neither author 

uses modern ethnographic analogy as a basis for formulating 

testable explanations, such as a Melanesian-type "big man 

system," employing only a very low-level explanation by 

inference and analogy with modern Hopi. Even the conclu

sions of both authors are surprisingly similar in their 

inductive and untested nature, Griffin concluding that the 

burial probably represented a ranked lineage system with 

special treatment for the "chief" and his relatives, and 



McGregor (1943:298) stating that the individual was a 

"prominent old man of forty." 

As settlement archeology had been a notable trend 

in the 1950's, so has been the use of concepts of cultural 

ecology since the 1950*s which, as Steward (1955:31) put 

it, sought to explain the origin of particular cultural 

features and patterns which characterize different areas 

rather than deriving general principles applicable to any 

cultural-environmental situation. The previous neo-

evolutionary arguments of White (1949:78) had held culture 

to be "a thing sui generis" which could only be explained 

in terms of itself. This argument assumed that biological 

variations and variability in mankind were sufficiently 

limited to be treated as constant factors and ignored in 

the explanation of cultural phenomena (White 1959:12). This 

approach further assumed it was unnecessary to consider the 

physical environment in order to provide adequate answers 

to questions of change in social systems (White 1959:50-51). 

As Sahlins (1968:370) has noted, this contains the unreal 

and vulnerable assumption that cultures are closed systems. 

Cultural ecology as developed by Steward and others offered 

a counterpoise to this approach by shifting attention to 

the relation between factors inside culture and those out

side it; the main focus of the evolutionary movement became 

the interface between environment and culture. 
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Ecological concerns had interested students of the 

Southwest at least since Steward's (1937) germinal article 

on the ecological aspects of Southwestern society. An 

ethnological study, it attempted to find the origin of a 

social feature, the clan, in ecological terms rather than in 

the then-popular diffusionary ones. In it he proposed that 

cultural processes could only be understood only if attention 

was paid to those economic or ecological factors that shape 

society. Although as Steward (1937:102) himself noted, 

, this view does not preclude diffusion; it does assume 

that diffusionist explanations need not be applied on so 

great a scale as in the past," the ecological reaction to 

the diffusionists went too far in the other direction, and 

diffusionary and other aspects of intergroup interaction 

such as trade were neglected until fairly recently. 

An early ecological study of an archeological area in 

the United States Southwest was the Pueblo Ecology Study, 

conducted from 1949 to 1954 to determine if the Great Drought 

of A.D. 1276-12 99 had affected the Anasazi culture of north

eastern Arizona and if so, why they reacted as they did 

(Taylor 1958). The basic hypothesis, inductively arrived 

at, was that from Pueblo I times to the final abandonment 

of the northern Anasazi area, there was a growing social 

cohesiveness which, coupled with an environmental cycle of 

aridity, brought economic and social tensions upon people 

already living in cliffhouses and often in "remote" locations 
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under marginal subsistence conditions (Taylor 1958:15). As 

evidence for such cohesiveness Taylor cited an increase in 

population beginning in Basket Maker times, elaboration of 

ceremonial and secular architecture, a reduction in the 

number and increase in the size of occupation sites, and 

construction of multiple kivas in the final phase of occupa

tion, These and other facts suggested to Taylor a growing 

social complexity, a complexity in which, however, no 

mention was made of increased reliance on ties with other 

groups in the form of trade as a buffer against environ

mental stress. 

Ecological concepts received an added impetus with 

the spread of anthropological archeology in the 1960's, in 

which a more sophisticated cultural ecological theory was 

combined with an explicit use of evolutionary theory and 

systems theory (Leone 1972) . This cultural ecology was more 

than just the description of the site's environment which 

had characterized previous archeological reporting, Instead, 

it employed various theoretical devices to more precisely 

characterize the articulation of environment, technology, 

economy and the organizational correlates of ecological 

change (Leone 1971) . Combined with systems theory, 

cultural ecology was able to provide a refined and testable 

view of culture as a system of extrasomatic adaptation 

(Binford 1965, after White; see for instance White 1954) 
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which is not shared but participated in, and participated in 

differentially. 

Numerous studies have been done in the Southwest as 

elsewhere which have viewed social organization as one means 

of adapting to environmental pressures. In all but a 

few studies, levels of adaptation above and beyond that of 

the site are often not even discussed and, when mentioned, 

adaptation and processes of interaction at an intersite or 

regional level such as trade are often considered in a 

manner which is surprisingly non-formalized and untested in 

view of the many explicit deductive hypotheses and 

rigorously derived and tested implications of such 

hypotheses presented about the nature of intrasite social 

organization. For instance the research at Broken K pueblo 

in eastern Arizona had as a prime research problem the 

demonstration that 

. , . archaeology can be raised to the explanatory 
level by using recent advances in methodology 
and by adopting a more useful concept of culture. 
We focused our attention on cultural structure and 
processes instead of on taxonomy and trait lists. 
. . . Hence we were determined to make a contribu
tion to the growing corpus of anthropological 
knowledge and theory; to augment our knowledge of 
some of the cultural processes that took place in 
the prehistoric Southwest; and to demonstrate that 
the complex interrelationships of people, places, 
and artifacts of prehistoric sites can be better 
understood through the use of diverse forms of 
statistical analyses (Martin, Longacre, and Hill 
1967:15-16}. 

Nonetheless, the discussion of ceremonial items, ornaments, 

pigments, and minerals (Martin et al, 1967:111-117), while 
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noting the presence of exotic shell items and unshaped 

turquoise, fails to propose a processual model of inter

action to account for their presence at the site. Further, 

no suggestions are made to use recent methodological 

advances such as the various sophisticated methods of 

analysis being developed, such as X-ray diffraction, nor 

even fairly simple chemical analyses. Although use of 

these procedures often requires extensive technical 

knowledge and expensive testing equipment, they have been 

used successfully in studies in Mexico and elsewhere; what 

is being faulted here is not the fact of their non-use but 

that their use was not even suggested in terms of hypothesis 

formulation and validation. This is all the more surprising 

in view of an analysis by Hill in the same volume entitled 

"Structure, Function and Change at Broken K Pueblo" which 

explicitly sets forth the basic postulates of processual 

analysis. After such an analysis of other features, Hill 

concludes that a possible increase in the scope of inter-

village integration may have occurred in the area as shown 

by an increase in the number of Great Kivas in response to 

environmental changes. This is an inductive argument of 

the form "in x cases observed, whenever A occurs, B occurs; 

therefore in similar circumstances, if A occurs, B occurs" 

(Watson, LeBlanc, and Redman 1971). Since it is limited 

only to the domain of A's and B's actually observed, an 

observation such as Hill's is incapable of explanation in 
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the sense of Fritz and Plog (1970), that is, of subsuming 

the relation between two or more phenomena under a general 

law, of demonstrating that the relation was predictable 

given the law, this in spite of Hill's quest for statis

tically valid generalizations. 

In another example, Longacre's (1964, 1966) work at 

Carter Ranch in eastern Arizona specifically viewed social 

integration as an adaptive mechanism interacting with and 

responding to shifts in other parts of the cultural system, 

including environmental and technological change. A major 

cultural change was noted at about A.D. 1000 together with a 

critical environmental shift as shown by palynological 

analysis. Response to this stress took two forms, population 

convergence and population integration by non-kin based 

sodalities and the creation of mutual interdependence among 

social units through reciprocal exchanges of goods and 

services (Longacre 1966). Nowhere is there an attempt to 

determine if similar integration took place between communi

ties as manifested by trade in order to broaden the sub

sistence base and thereby mitigate local shortages. A 

similar lack is noticeable in other studies. Hill's (1966) 

work in eastern Arizona specifically focused on adaptive 

responses to environmental shifts as well, but concentrated 

exclusively on intra-village integration and technological 

change. 
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El-Zur (1965) formally proposed a three-dimensional 

approach to the study of culture, comprising time, space and 

environment. However, trade was mentioned only in a brief 

discussion of Hohokam life (El-Zur 1965:26-27) and in con

sideration of probable diffusion routes of maize (El-Zur 

1965:162). This ignores the widespread recognition that 

cultures act also as selective forces upon one another 

(Sahlins 1968). In a like vein, Johnson's (1965) disserta

tion on the development of Western Pueblo culture limited 

mention of trade to mixtures of elements and the rise and 

fall of various influences. 

Young (1967) considered several hypotheses to account 

for the distribution of Salado polychromes and absence of 

Salado utility wares. Criticizing the traditional view of 

Salado-Hohokam relationships as one of symbiotic accommoda

tion, Young proposed several explanations similar to those 

of Schaefer, already discussed. Like Schaefer, none of 

these explanations were tested and the author favored the 

idea that some of the Salado peoples were professional 

traders who travelled extensively in the Southwest, dis

tributing Salado polychrome ceramics as they travelled. 

Although Young (1967:84-85) felt these Salado traders 

operated out of Casas Grandes, no attempt was made to 

formulate mechanisms to account for the interaction in terms 

linking the environmental system in which the Casas Grandes 
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population operated with that of the populations which 

received the goods. 

In contrast, Dean's (1967:660ff) analysis of sites 

of the Tsegi Phase in northeastern Arizona devoted a section 

specifically to inter-village integration. No testable 

propositions were employed but on the basis of his extensive 

and intensive familiarity with the region, Dean concluded 

that there was no evidence for the existence of formal 

social ties joining two or more villages, that is, no great 

kivas, no structural or spatial relationships among sites, 

and no apparent inter-village cooperation. However, he 

felt that despite the lack of formal structural relation

ships, sites of this phase were almost certainly linked in 

a network of informal ties based on contiguity, inter

marriage, interpersonal relations, and trade. Dean further 

stated that these villages probably comprised a loose sort 

of community based on relatively high frequencies of inter

action among the inhabitants of the region due to geographi

cal proximity. However, the scarcity of non-Kayenta Phase 

traits in Tsegi Phase sites led to the conclusion that these 

people were quite isolated from other areas. Although a 

shift was noted in mid-Pueblo II times toward household 

integration, permitting the existence of large stable 

villages (Dean 1967:668), a conclusion also reached by 

Longacre, there is also a similar lack of discussion of 

possible integration above the village level. 
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The Navajo Reservoir Project of the 1960's was a 

salvage archeology project designed to determine the rela

tion of river floodplain entrenchment to population shifts 

and changes in the technology of food production, as well as 

determination of cultural sequences and distributional 

studies (Eddy 1966). Accordingly, a series of studies was 

undertaken to define the modern and prehistoric environ

ments, environment however being defined only as the inter

action between man, land and technology, resulting in 

relatively little discussion of trade. However, in addition 

to a mention of probable contacts of the Navajo Reservoir 

district people with those of other areas as seen in trade 

goods, trade dynamics are also considered. The evidence 

indicated that surplus production beyond subsistence was 

utilized both as exported trade goods and as offerings to 

accompany the dead. Admitting that little is known about 

the nature of surplus goods exported and services employed 

in barter, Eddy (1966:434) notes that the vigorous import of 

pottery, marine shells, and lithics does indicate reciprocal 

exports. Further, he actually points out the evidence for 

development of surplus production, including storage pits, 

permanent sites, presence of a religious structure at sites, 

and foreign lithics (Eddy 1966:435). This mention of 

religious architecture in an economic context is one of the 

few indications in Southwestern archeology of the glimmer

ings of some of the newer concepts of the role of religion 
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in ecological systems currently being developed by cultural 

anthropologists. Rappaport (1967), for instance, states 

that ritual not only expresses symbolically the relation

ships of a congregation to components of its environment 

but also enters into these relationships in empirically 

measurable ways. It is interesting to note that in his New 

Guinea example ritual affects intergroup interaction by 

regulating the frequency of warfare, mitigating the severity 

of intergroup fighting and facilitating exchange of goods 

and personnel between local groups as well as interactions 

between human beings and their environment (Rappaport 1967) . 

Returning to the Navajo Reservoir Project, Eddy 

(1966:498) in fact speculated about the role of religion in 

acting as a redistributive mechanism operating in conjunc

tion with other factors in a trade fair model. This model 

is also related broadly to environmental stress in one 

phase, reflected somewhat by low recovery of imported 

marine shell ornaments, leading Eddy to suggest that stress 

resulted in insufficient purchasing power for barter. 

However, importation of Mesa Verde trade ceramics continued, 

indicating to Eddy (1966:505) that some surplus production 

was still maintained. 

In marked contrast, in a dissertation printed three 

years after Eddy's monograph Gumerman (1969) noted a similar 

pattern of settlement in the Hopi Buttes area of Arizona 

but omitted any mention of possible ecological variables 
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or economic cycles. In this arid region of scattered 

villages based on dry-farming and flood plain agriculture, 

Gumerman (1969:xviii) felt that . .in order to execute 

the complex ceremonial cycles which had developed in 

surrounding well-watered areas, it was necessary for these 

village dwellers to congregate at certain times of the 

year at a ceremonial center." The shared subsistence base, 

common settlement pattern and the necessity to congregate 

for large scale religious participation resulted in intense 

interaction as seen in distinctive ceramic design styles and 

architectural patterns. 

Oddly enough, a critique of this view of people 

coming together out of some psychological need to perform 

elaborate rituals unrelated to biological and social 

environmental factors can readily be found in another 

section of Gumerman's work. In a review of archeology 

(Gumerman 1969:306-307), he states that archeologists have 

often tended to construct hypotheses and formulate problems 

which give little or no consideration to the role of factors 

external to the culture of a site in the development of 

cultural variation and change. This results in a view of 

archeological manifestations as the product of closed 

systems with almost all change considered as a result of 

internal development. Gumerman views this as a possible 

response to an earlier excessive reliance on migration to 

explain culture change when little evidence was put forth 
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in support of such claims. Nonetheless, cultures do have 

contact with other dissimilar ones which affects both groups. 

This archeological critique is quite similar to Sahlin's 

(1968) criticisms of much of cultural ecology as neglecting 

the realization that societies are typically set in fields 

of cultural as well as of natural influence. 

Griffin (1969) specifically examined the concept of 

a ranked social organization functioning with a redistribu-

tive system and found no evidence to indicate such a system 

was in operation at the late Mogollon site of Grasshopper 

in eastern Arizona. This conclusion was based on the absence 

of large concentrations of either economic goods or status 

symbols, general lack of areas or tool kits attributable to 

other than cooperating family units or small groups, and 

absence of evidence of pan-community contributions of 

mortuary goods to the great kiva-plaza burial area. His 

attempts to delimit variation within this burial area were 

unsuccessful. The concentration of tool kits and personal 

adornment/status symbols such as shells in the east units 

led to formulation of a hypothesis of an exchange system 

functioning at an intra-site level based on reciprocity. 

This resembles the hypothesis Longacre (1966) developed for 

Broken K, where it was suggested such an exchange system 

reinforced social integration of various residence units. 

According to Griffin (1969), the high variation in various 

ceramic design elements does in fact suggest considerable 



exchange of some form such as trade or marriage. Further, 

the burials of his Cluster V suggest the occurrence of some 

measure of inter-community interaction. This group of 

burials features more items and more kinds of items than 

other burial clusters, with many of the goods being of non

local origin. Griffin proposed two alternate propositions 

to account for this cluster. The first, which he favors, 

was that pueblo leaders were more powerful in late Mogollon 

times than was the case with historic groups like the Hopi 

and Zuni. While the society was probably egailitarian, 

higher population density, lack of pressures from a dominant 

culture and possibly greater amounts of food are seen as 

favoring more complex social organization than found in 

modern groups. In this case, localization of quantities of 

non-local items could be explained either by the presence 

of social and ritual leaders drawn from wealthy and success

ful families or by a case in which a social position such as 

sodality head might have permitted and favored acquisition 

of such goods. The second explanation proposed by Griffin 

is that these burials served in a village integration role 

of some kind, perhaps for those who married within the 

pueblo. Another explanation not advanced by Griffin could 

be that these richer burials are the interments of persons 

akin to "big men" in Melanesian trade networks and that the 

exotic goods are those presented at burial ceremonies by 

trading partners from other villages of the deceased. 
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In another dissertation from the same year, dealing 

again with the Tsegi Phase of the Kayenta tradition of 

northeastern Arizona, Lindsay (1963:349ff) devoted an entire 

chapter to trade, entitled "Communication, Regional and 

Foreign Influences." Noting that an understanding of 

foreign traits in the Kayenta culture requires discussion 

of inter-village communications within the region. Lindsay 

states that material items and raw materials undoubtedly 

circulated within the region as well as some goods suspected 

of being distributed from localized resources elsewhere, 

such as cotton. Contact between Hopi and Kayenta also 

occurred, but the exact frequency of such contact is un

clear. Further, a small but significant trait list also 

indicates presence of foreign influences although definitive 

data to show which society was the contact agent or to 

delineate avenues of transmission is felt to be "not yet 

firmly in hand" (Lindsay 1963:354). His summary of trade 

indicates the Kayenta people traded primarily for finished 

products with the possibility that occasional trips were 

made to exploit specific deposits of raw materials. Imita

tion of foreign goods with local materials was rare. 

Lindsay makes the telling observation that current archeo

logical knowledge of trade goods is biased toward durable 

items with low perishability, with little being known about 

products which were edible and consumed through use or 

which are no longer present in the archeological record due 
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to the action of natural formation processes. The trade in 

durable items appears to have been irregular and probably 

conducted by barter although as is often the case he 

derives no implications to test this nor makes explicit 

the archeological definition of such a trade process as 

barter. On a regional level trade in foreign pottery types 

is seen as involving some degree of cooperation with the 

suggestion that the apparent sudden appearance and rela

tively rapid spread of the rectangular kiva form involved 

some form of institutionalized intervillage contacts. None

theless, villages are regarded as independent communities 

without multivillage organization or coordination but only 

ties between villages (Lindsay 1963:372-373). 

A study with an explicitly regional and ecological 

approach is Lipe's (1970) analysis of Anasazi communities in 

the Red Rock Plateau of southeastern Utah. However, as Rohn 

had done earlier, Lipe defined the community strictly on a 

site level. This focus on site-level phenomena provided 

difficulties in discussing interaction at higher levels. 

For instance Lipe notes that Mesa Verde and Kayenta pottery 

design style traditions maintain their distinctiveness 

through time on the plateau. Accordingly, the mixture of 

pottery in site clusters in the central part of the plateau 

is interpreted as due either to extensive trading of pottery 

into the area, residence of some number of potters schooled 

in each tradition in the clusters where mixture occurs or a 



combination of both. Absence of a model of between-site 

relationships such as trade prevents deduction of implica

tions to test these suggestions or proposal of alternate 

models to account for the material remains. 

One of the first attempts to conceive and opera-

tionalize a social definition of the environment is Kelly's 

(1971) study of twelfth and thirteenth century Sinagua 

environmental adaptation in north central Arizona. Here 

adaptation among human groups was defined as the "... 

combined processes of effective use for survival of natural 

and human resources of an environment by the culture(s) 

existing therein" (Kelly 1971:4). This definition includes 

traditional concerns with biomass, habitats and other 

aspects of physical features but also includes the social 

environment created by the humans inhabiting it. Several 

adaptive subsystems are then defined; among procurement 

subsystems he includes exchange, explicitly acknowledging 

that this system may covary with changes in other sub

systems and within the larger cultural system (Kelly 1971: 

9). Kelly's basic hypothesis is that when stress, especially 

environmental, on cultural systems intensifies, increasing 

experimentation in technological, economic and social areas 

and increasing cooperation between units of the cultural 

system will be developed to counteract. This hypothesis 

has as its corollaries that as stress decreases so will 

experimentation in techno-socioeconomic aspects and as it 



increases, there will co-occur an increase in centralized 

decision-making authority and "social distance" will 

increase accordingly (Kelly 1971:14). In terms of social 

resources stress will result in increased interdependence 

of population clusters in terms of village specialization 

and use of social regulatory subsystems such as stratifica

tion to foster exclusive use of area resources by some 

segment of the area's population. This contains the 

implications of an increasing difference in "cultural 

capital" between certain settlement clusters and others in 

terms of implements, facilities, location and contents 

of sustaining areas, luxury goods and high status special

ists. It is at this time that evidence of internal dis

order or community conflict may be found (Kelly 1971:18). 

After testing the implications of his exchange 

hypothesis Kelly (1971:66, 70) concluded that trade for non

local ceramics by the Sinagua was not connected with trade 

in food but may have been for purposes of mortuary goods. 

However, some regional exchange of food resources was 

indicated by the presence of fish remains at Elden Pueblo 

where no local bodies of water occur. Kelly (1971:70-71) 

admitted that food resources might have been exchanged in 

plain ware ceramics such as the common Alameda Brown ware 

types but acknowledged that no analysis had been undertaken 

to verify this possibility. In spite of this lack, he 

concluded 
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. . . there is little supporting evidence for 
important exchange of foodstuffs either within 
the northern Sinagua region or from neighboring 
peoples. What exchange did take place apparently 
involved unusual mammals, fish, and birds, 
perhaps floral delicacies such as nuts, and 
ceramics for non-subsistence activities 
(Kelly 1971:71). 

It is difficult to see how such a conclusion can be accepted 

in the absence of testing. Although plainware analyses have 

not been common in archeology, such an analysis is currently 

being done of the plain wares of Cozumel, an island off the 

coast of Yucatan (Bronitsky 1975). In testing a model of 

control of external resources in relation to internal 

political and social changes in the form of a postulated 

increase in centralization, some idea of the amount of 

variability in such wares is obtained. The analysis also 

indicates the utility of such studies for future work in 

studies of trade in the Southwest. 

In any case, Kelly further notes that since certain 

communities and individual burials within them were 

qualitatively different from other contemporaneous sites 

and burials, the same stratification of settlements and 

people were present throughout the northern Sinagua 

territory. Within this system of stratification, he sees 

no support for the idea of increases of social roles or 

status positions and in fact notes that decreases in 

variability as seen in variety of grave goods seems to have 

occurred. Regulatory adjustments therefore involved 
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agricultural construction, intersite specialization and 

interdependence and some stratification of both individuals 

and communities. Such specialization may well have occurred 

in order to maximize resource acquisition from other groups, 

indicating that Kelly's earlier conclusion of no great trade 

in foodstuffs may be incorrect. He states that some sites 

in this area were larger and had more exotic items. No 

attempt is made, however, to analyze such data in terms of 

current ecological and locational theoretic concepts as 

advocated by Langdon (1973) to see if they did indeed 

function as what he calls "nodal settlements." 

These faint indications of increasing intercommunity 

interaction run directly counter to the positive test of 

Leone's hypothesis that increasing dependence on agriculture 

leads to increasing social distance between the minimal 

economic units needed to make agriculture a successful 

economic base (Leone 1968a, 1968b:1150). This trend to 

fission was counteracted by several factors such as (1) 

regionally interdependent ecological niches, sometimes 

combined with the need for water control; (2) the imposition 

of an overarching amalgamating network of some kind, such as 

economic (trade), or political (state or empire); or (3) 

competition between farmers against exploiting hunter-

gatherers or between some farmers against others (Leone 

1968a:l-2). Leone defines the minimal economic unit as the 

minimal group needed to cope with the harshest environmental 
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circumstances a culture may face; this definition and a good 

deal of the theoretical underpinnings of Leone's research 

are based on Whallon's work with proto-Iroquois (Owasco) and 

Iroquois which suggested that as a village became more 

endogamous, the measurable variation in goods produced by 

its women would diminish as the makers would have decreasing 

contact with the many microtraditions for item manufacture. 

Whallon proposed a measure of internal variation in 

a relevant range of goods which would be both a measure of 

endogamy and by reflection a measure of regional interac

tion-—as villages became less internally varied, the region 

accordingly was becoming more differentiated. Economic 

independence or autonomy is the degree to which the minimal 

economic unity in any society is dependent on itself for 

those resources necessary for survival. Increasing 

dependence on agriculture was correlated with a decline in 

tool type variability, representing a shift from a broad to 

a narrow spectrum of resource dependence. The underlying 

assumption is that no system of economic links dealing in 

exchange of primary economic goods functioned between 

villages. Leone feels this is not an unwarranted assumption 

inasmuch as no archeological evidence for such exchange had 

been produced nor any from ethnographic sources. This 

statement ignores the available evidence from several sources, 

some of which has already been presented, which suggests 

that some form of economic links may indeed have been present 
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in the Southwest. In any case, the non-continuous, although 

probably regular and important, nature of economic links 

such as trade requires the formulation of detailed hypotheses 

and models to extract information on such links both 

archeologically and ethno-historically. Leone claims that 

trade per se does not accurately reflect the state of 

economic independence and that a better index is the 

relevance to economic success of items or services exchanged 

so that shell and turquoise would not count but salt would. 

This overlooks Kelly's suggestion, discussed earlier, that 

the archeological record may well be biased in favor of 

durable items and the possibility that turquoise and 

similar "non-economic" goods might in fact have an economic 

function such as status markers in a trade network. Leone 

admits he is not trying to establish a case for complete 

regional isolation of the Southwest but only that whatever 

forms of interdependence, cooperation and reciprocity which 

are present were not of the nature which would interfere 

with the isolation produced by increasing reliance on 

agriculture. He claims that in the process of adaptive 

change in the Southwest, the pan-regional communication and 

cooperation which probably characterized the Paleolndian 

big game hunter interaction pattern gave way to groups with 

increasingly limited economic and social horizons. No 

evidence is presented for the existence of such a Paleo

lndian pattern and it may be that this concept is influenced 



by wide-ranging hunters of the historic plains, made mobile 

by the acquisition of the horse. Leone goes on to state 

that trade of a sort like that in the Southwest did not 

create connecting ties affecting social distance, especially 

endogamy. Instead, Leone (1968a:1966) presents a concept 

where goods were brought to villages rather than villagers 

coming to central points and accordingly no redistributive 

centers and therefore no effective way for trade to counter

balance isolation. This is countered by suggestions 

already discussed of integration based on great kivas, 

trade partners and other ideas put forth for the Southwest. 

Leone makes the claim that environmental stress was 

countered by greater reliance on hunting and gathering and 

intensification of agricultural practices, requiring 

reliance on more than the family; accordingly there would 

have been a shift in social relations toward broader 

extension of the ties between economic units. The 

possibility that extension took place along the lines of 

already existing trade ties is not discussed. 

Leone (1968a:89) declares that no cultural force in 

the Southwest other than economic catastrophe could have 

counteracted the more natural tendency to fission, noting 

that although agglomeration in Mesopotamia and Mesoamerica 

meant easier access to resources, in the Mogollon area 

agglomeration meant reorganization of internal social 

resources so that a basically unchanged economic base could 



continue to serve. When a region contains multiple 

economically interdependent ecological zones, population 

concentration in a locus capable of articulating with all 

essential zones is naturally advantageous. Where there is 

only ecological overlap rather than diversity there is 

instead a tendency toward fission due to resulting economic 

redundance. The social isolation produced by reliance on 

agriculture in a homogeneous environment such as that Leone 

claims for the Mogollon was counteracted by climatic change 

which, however, did not make the environment more productive 

but rather forced greater cohesion without any increase in 

economic benefits as measured in increased food resources. 

This made the economic base less productive in part by 

narrowing the number of exploited ecological niches accord

ing to Leone. Again there is no indication of the possi

bility that trade could have helped buffer such a narrowing 

base against environmental fluctuation by broadening the 

resource base. By positing such a strong trend, Leone 

maneuvered himself into a corner, which he himself admitted 

by asking why villages should occur if the economic unit 

capable of maintaining itself with the greatest ease was 

the extended family. He answered his own question by 

stating that increasing dependence was accompanied by an 

intensification of matrilocality and endogamy, carrying 

with it the need for plural groups in order to avoid 

marrying kin; no concept such as organic solidarity is 



employed. Leone employed one measure of plainware 

variability, that of color, to determine the amounts of 

female mobility and came to the conclusion that variation in 

the number of categories was not controlled, making it 

difficult to compare with other data with more categories 

of variation. His ultimate conclusions about trade are 

that the lack of a need to cooperate, a resort to a sort 

of shaky psychological approach, accounted for the failure 

of the Anasazi to cross the urban threshold since resources 

were evenly distributed and communities were basically self-

sufficient, overlooking the possibility of microregional 

fluctuation in environmental variables and historic control 

of resources by a certain group. Examples of this would 

include Santo Domingo Pueblo ownership of the Cerrillos 

turquoise sources (Ellis 1969, personal communication) or 

the control by Tonque Pueblo, east of Bernalillo, New 

Mexico, of lead deposits resulting in a virtual monopoly of 

the manufacture of glaze wares in the Middle Rio Grande in 

the fifteenth and sixteenth centuries (Warren 1969), 

Admittedly these are what Leone (1968a:123-124) would call 

non-economic resources; nonetheless it suggests ownership 

of resources was at least known: 

No primary economic resources had to be brought 
into the region, and those that were needed seem 
to have been evenly enough distributed so that 
commerce in essentials was slight at best. This 
assessment involves those items essential for 
economic success at agriculture. It therefore 



does not consider exchange in shell, turquoise, 
pottery (although we don't know what was in the 
pots) and stone artifacts not directly related 
to accomplishing economic tasks. 

This rather narrow view of economics has been a 

major obstacle in ecological studies. The only mechanism 

that Leone posits concerns the trade in items not directly 

related to economic success which were circulated by 

wandering traders rather than through exchange centers. 

Since the mobile traders accomplished redistribution, such 

centers were unnecessary. In regions which were economically 

homogeneous, as Leone claims the Southwest to be, with no 

need to import primary goods, trade was mobile; in 

ecologically diverse areas such as Mesoamerica, exchange 

centers were present regardless of whether diversity was 

natural or due to articulation with other areas by trade. 

This mobile exchange allowed fission while preventing 

growth of those institutions fostered by the presence of 

exchange centers (Leone 1968a:124-125). It is interesting 

to note that Leone depicts the Maya as a minimal economic 

unit dependent on ecological diversity imported from the 

outside; when cut off from such sources, the unit collapsed. 

This view of the resource homogeneity of the Maya has 

recently been challenged specifically for the Lowland Maya 

by Hellmuth (197 3). It is quite possible that the assumed 

resource homogeneity of the Southwest might also be 
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challenged; testing of this assumption would seem to be in 

order. 

In a study of a different cultural unit, the 

Hohokam, Grebinger (1971) dealt specifically both with 

intra- and inter-site social organization of the Classic 

Period. After examining other interpretations of cultural 

development in the Santa Cruz Valley, he proposes a 

processual model characterized by both positive and negative 

feedback and ultimately resulting in the creation of ranked 

villages. A series of tests are proposed for this model. 

For instance, the evidence of interaction through the 

mechanism of trading families which he feels were present 

should appear primarily in communities where evidence of 

such ranking was most pronounced (Grebinger 1971:200). This 

specialized trade would have been carried on with leading 

villages without ever involving all the villages of a 

cluster. Further, if population expansion occurred in the 

presence of a form of intervillage organization based on 

ranking, then the social distance between village clusters 

and among villages in each cluster would not be great. 

Test propositions were also proposed for this hypothesis, 

based on painted pottery zones and the interchange of 

material items within the village cluster. 

Grebinger's third hypothesis is in some ways both 

the most interesting and the most disappointing. This 

states that if a deterioration in the relationship between 
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the environment and social systems occurs, the initial 

response of those systems will be adjustment of existing 

systems so as to continue the same or similar adaptation. 

Unfortunately, the proposed series of tests deal with 

resort to increased hunting, population aggregation and/or 

relocation and ritual responses. Once again, any idea that 

other people can be relied on in some fashion in times of 

stress is absent. 

Such a concept is also completely absent in Zubrow's 

(1971a, 1971b) study of population dynamics in eastern 

Arizona despite a complex set of studies of the natural 

environment, or in Schiffer's (1973) study of the Joint site 

in east-central Arizona. The Southwest Anthropological 

Research Group, an ambitious attempt to study the Southwest 

at a regional level, also features a general absence of 

interest in human interactions (Plog and Hill 1971). 

Although admitting that the interaction of populations was 

one reason for non-random site location, sites being located 

so as to minimize the cost of information and commodity 

flows between sites, the initial research design focused on 

three variables—plant community, land-form and drainage 

pattern—none of them dealing directly with human interac

tion. These were chosen because they were felt to be the 

most critical and most easily defined. Any concept of 

social resources is lacking. The report of the second 

meeting of the Southwest Anthropological Research Group 
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offered some potential for investigations of the social 

environment by including in the research design the 

requirement that the number of sites and habitation sites 

within one and five kilometers of the site be recorded. 

These data will probably be readily amenable to locational 

analyses and perhaps to other forms of analysis as well 

(Gumerman 1972), 

This is more than can be found in Graybill's (1973) 

analysis of prehistoric settlement patterns in the Mimbres 

region of New Mexico. His approach divided the cultural 

developments in this region into two temporal periods. 

Multivariate statistical techniques were then applied to 

the data to examine relationships between settlement size 

and selected aspects of the natural environment. Social 

interaction is again shut out. 

Yet another study of the Salado, this one by Brown 

(1973), is especially disappointing in view of such earlier 

studies as that of Young (1967). Instead of elaborating 

and refining concepts of trade and human interaction, Brown 

chose rather to test various hypotheses of Salado migrations 

into the Pueblo Viejo area. He does however note that the 

apparent local manufacture of Salado polychromes indicates 

that more than trade relationships was involved, in contrast 

to Young's ideas. Further, the shift from White Mountain 

Redwares and Cibola Whitewares to Salado Polychromes in the 

sites of this region with Point of Pines-Reserve culture 
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affiliation is seen by Brown as indicating that this shift 

in trade relationships is an integral part of the Salado 

phenomenon. The conclusion is ultimately reached that the 

Salado manifestation is a complex phenomenon for which no 

simple explanations will suffice (Brown 1973:154-155). 

Other recent research, that of Reid (1973:xi) deals 

with "human responses to conditions of environmental stress 

at Grasshopper, a 14th century pueblo in east-central 

Arizona." His main hypothesis is one of population aggrega

tion in response to local conditions of environmental stress. 

The study employs variety and diversity as measurable 

indicators of strain but contains nothing on the possibility 

of trade increasing diversity. This is difficult to under

stand in light of Reid's contention that diversity promotes 

system stability. Similarly, Plog's (1974) study of the 

transition from Basket Maker to Pueblo expresses an interest 

in exploring the causal relationships between changes in 

technology and the dimensions of population, differentia

tion, integration, and energy. Here the probability of a 

population's continued use of a given strategy in face of 

environmental change is held directly proportional to both 

its size and diversity (Plog 1974:53) but there is again no 

consideration of the possible role of trade in increasing 

diversity and buffering local environmental fluctuations; 

in fact, trade is not even mentioned in the comprehensive 

index. 
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The most recent general survey of archeology in the 

Southwest limits itself to Arizona alone but otherwise is 

firmly in the tradition of innumerable earlier reports and 

surveys (Martin and Plog 1973). There are scattered 

mentions of trade, just as in Wormington's 1947 work, and 

considerable sophisticated discussion of ecological factors 

but any reference to interaction of human beings in the 

environment is lacking. Most tellingly, there is a brief 

consideration of the magician's burial originally reported 

by McGregor (1943), discussed earlier. As with McGregor, 

systemic considerations of social adaptation or social 

resources is lacking other than to infer from it the 

existence of social differentiation and individual wealth 

among the Sinagua, almost the same conclusions and just as 

non-formalized as those of Griffin (1967) dealing with the 

Grasshopper burial. 

The final work to be discussed in this historical 

survey is Tuggle's (1970) analysis of prehistoric community 

relationships in east central Arizona. This has been held 

for last because it focuses specifically on village inter

action as a means to understanding three basic phenomena--

population growth, nucleation, and abandonment. The 

assumption underlying this focus is that understanding 

relationships between villages is important in comprehending 

the response of prehistoric populations to environmental 

changes, a reply to Leone's (1968a, 1968b) postulation of 



increasing autonomy. Two alternative hypotheses are pro

posed and tested. The first is that the general Mogollon 

trend was toward increasing village independence and isola

tion in both social and economic spheres (the Leone 

hypothesis). The second, opposed hypothesis is that the 

trend was one of decreasing village independence and 

isolation in these same realms. In this analysis the rela

tionships between villages were examined in the area of 

spatial relations in terms of site distribution, distances 

between sites and sizes of sites (areas which should prove 

amenable to analysis for those using the Southwest Anthro

pological Research Group research design) and marriage 

networks and trade relations as reflected in ceramics. 

For the purposes of his study, the term community is not 

given the usual spatial definition but is instead restricted 

to networks of interaction. This has the advantage that a 

community as defined archeologically in terms of one 

dimension such as marriage is not automatically assumed to 

be the same as the community as defined along other dimen

sions, unlike for instance Rohn's (1965) Mug House study in 

which a community is implicitly assumed to be the same in 

all dimensions. 

Tuggle noted that the study of prehistoric cultural 

relationships has long been a dominant theme of archeological 

research although most often expressed in terms of "influ

ence" or "diffusion," as has been pointed out in this 



discussion. He further observed that the concept of social 

interaction, while not always made explicit, has generally 

formed the basis for definition of culture areas, regional 

versions of basic cultures, and most schemes for organizing 

archeological data in spatial and temporal terms. He 

criticizes these past studies for their reliance on static 

analyses of artifacts and their relations rather than 

dealing with the underlying social relationships. Follow

ing Binford, Tuggle states that within living behavioral 

systems artifacts function in various subsystems rather 

than forming subsystems of their own. Accordingly, 

analyzing artifacts as if they do in fact function in such 

a separate manner is held to lead to serious errors, espe

cially if the attempt is then made to return to the 

behavioral system by inference or analogy. 

A critique then follows of several attempts to test 

hypotheses linking early masonry villages with localized 

descent groups such as lineages or clans. Chang's (1958) 

study, already briefly discussed, tested ethnographically 

in cross-cultural analysis the association of settlement 

and social organization, and found that one-unit "planned" 

villages occur ethnographically with monolineage communities. 

On this basis and with their association with simple 

horticulture and female land ownership, Chang concluded 

that the early Anasazi were matricentered localized 

exogamous lineages. Tuggle faults this for its assumption 



65 

that these communities shared continuity with the modern 

Western Pueblo and for overlooking sampling errors; none of 

Chang's monolineage communities is matrilocal, and the only 

one with matrilineal descent groups is questioned as to its 

designation as a monolineage community. Tuggle concludes 

that the rarity of matrilocal monolineage communities which 

he has demonstrated means that chances that similar groups 

existed prehistorically are small and that the factors 

selecting against such groups must be strong. Therefore, 

if such early unit villages were not matrilocal in residence 

it is unlikely their descent structure was matrilineal. 

The first test for prehistoric residence pattern in 

the Mogollon area, that of Longacre (1964, 1966) is then 

discussed. Longacre arrived at the conclusion that matri

local residence groups had been demonstrated to have existed 

at the Carter Ranch site, but Tuggle notes that the environ

mental stresses favoring population aggregation would also 

have selected for greater cultivation efforts as well as 

economic cooperation in general, as suggested earlier in 

this paper. In a period of such stress, extractive 

resources procured by hunting and gathering might have been 

as detrimentally influenced as cultivated ones; in any 

case, Tuggle follows Flannery's (1968) cybernetic model to 

conclude that if subsistence is viewed as a system, pressure 

will force the system all the more strongly in the direction 

in which it is already proceeding. In the case of the 
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Southwest, such pressure would have resulted in increased 

emphasis not only on cultivation and female work groups but 

larger cooperative units and increased intervillage rela

tionships as well. These stresses, coupled with increasing 

population, are viewed by Tuggle as breaking an equilibrium 

as old as cultivation in the Southwest. Once this occurred, 

other changes in social organization and technology directed 

these populations to an evolution which would have culmi

nated eventually in urbanism had it not been for the arrival 

of the Spanish (Tuggle 1970:44). 

Tuggle further criticizes Leone along several lines 

already taken up in this work—for ignoring the possibility 

of economically important trade and for assuming areal 

resource homogeneity. He concludes that interaction within 

and between villages was a constantly reinforcing system 

after A.D. 1200 based on one or both of two factors, namely 

the possibility of regional interdependence on the basis of 

local resources or the possibility of village interdependence 

based on local fluctuations in agricultural success. 

Although village political autonomy was probably always 

maintained, marriage, trade, ritual and warfare relation

ships probably fluctuated on an intervillage level in response 

to varying pressures through time (Tuggle 1970:64), His 

summary conclusion is that ecological processes involving 

environmental pressures and population growth selected for 

increased effectiveness in social mechanisms for land 
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allocation and cooperation in social, ceremonial and 

economic systems (Tuggle 1970:64). To test the hypothesis 

of increasing interaction, Tuggle (1970:68) proposed that 

ceramic collections representing sites should become 

increasingly similar in style through time, as opposed to 

Leone's hypothesis of increasing stylistic distinction 

between sites through time of such female-produced items as 

ceramics. Test results indicated that the number of 

element categories, measures of site similarity and indices 

of interaction spheres all supported the hypothesis of 

increased village interaction (Tuggle 1970:104). He then 

argues that if the ceramic distributions behind the analyses 

were a function of post-marital circulation of potters and 

if the potters were female, it could then be concluded that 

marriage networks and exchange of women had significantly 

increased in this area. 

In his chapter entitled "Interaction: The Trade 

Hypothesis" (Tuggle 1970:108-114), ceramic distribution 

patterns are examined omitting these two assumptions and 

proceeding instead on the basis that the pots themselves 

were locally made and traded, rather than that female 

potters circulated. After discussing trade in subsistence 

items as seen in ethnological and ethnohistoric sources, 

the conclusion is made that although the nature of such 

trade is unclear, mechanisms for circulating significant 

amounts of goods were present at both a local and regional 



level, involving food as well as luxury goods (Tuggle 1970 

111). Although this is not tested, he indicates that the 

large quantities of Grasshopper trade ceramics could have 

been due to their role in a large scale economic network, 

whether traded directly, for their contents or as part of 

ceremonial system of exchange (Tuggle 1970:112). Accord

ingly, their distribution can be used at the least as an 

index of village interaction or perhaps even as a measure 

of economically significant trade. 

In a final discussion of the causes of abandonment 

of Grasshopper pueblo, Tuggle concludes that the social 

changes which had occurred had in fact buffered environ

mental stress, resulting in successful short term adapta

tion, increasing exploitation capability and, therefore, 

carrying capacity. However, the new carrying capacity was 

soon approached and a new adaptation was necessary in the 

absence of environmental improvement. Tuggle derived 

five such possible adaptations from the work of Dumond 

(1965), but as the system of economic interdependence 

crumbled under the impact of continuing environmental 

deterioration, the adaptation of "least resistance" was 

migration (Tuggle 1970:120). Nonetheless, the abandonment 

of the area, as with the abandonment of others in the 

Southwest, was only a local setback, forming a stage in 

the regional adaptation of man in the Southwest. 



Given enough time, major technological and social 
changes would have occurred along the large riger 
systems of the Southwest, culminating in state 
societies. Then in homesteading fashion, backed 
by the states, populations would have again spread 
into marginal areas such as the Cibecue valley. 
The Spanish, and perhaps Athabascans, saw to it 
that this remains speculation (Tuggle 1970:123). 



CHAPTER III 

THE ECOLOGICAL MODEL 

The focus of ecological study has been defined as 

the complex of populations which, together with the complex 

of environmental factors, constitutes a functional unit, 

i.e., the ecosystem, both by ecologists (e.g., Mcintosh 

1963) and by economists (Boulding 1950). Following this 

lead, some anthropologists have suggested that one area of 

anthropological research should be the ecosystem of human 

populations and the biotic communities in which human 

populations are the unit of study, a suggestion going back 

at least to the work of Forde (1934). These human popula

tions should be studied as units comparable with the other 

units with which they interact to form an ecosystem (Vayda 

and Rappaport 1968:494). Recent work in archeology has also 

begun to emphasize the study of the action of selective 

pressures upon variable populations, rather than individuals 

or cultures (Adams 1968), a concept familiar to biologists 

since the work of Darwin. 

One example of an anthropological population-

oriented study of a modern human group is Rappaport's 

(1967) work with the Tsembaga of New Guinea, where the 

Tsembaga are defined as a population on the basis of their 

70 



self-perceived distinctness from their neighbors and their 

possession of a clearly marked territory. Another is 

Geertz' (1970:9) analysis of ecological change in Indonesia 

where he stated that the goal of research should be to 

. delineate, in short, an ecosystem in which certain 

cultural, biological and physical variables are determinately 

interrelated and which will yield to the same general mode 

of analysis as ecosystems within which human organisms do 

not happen to play a role." This contrasts with earlier 

studies which centered not on populations and their environ

ments but rather the relations among cultures and their 

environments, as seen in Kroeber's (1939) early study of 

culture areas. However, such early studies did at least 

deal with the relationships between cultures, if only at 

the level of a vague concept of diffusion. Sahlins (1964) 

has criticized many studies of cultural ecology for their 

failure to realize that societies are set in fields of 

natural influence and adapt to both. He further faults 

cultural ecologists for operating without reference to 

intercultural adaptation at all. 

Studies which have dealt with inter-group relation

ships have often focused on conflict, its regulation and 

effects (for instance, see Rappaport 1967). In contrast, 

the ecologist Hawley (1950) defines ecology as concerned 

with the elemental problem of population adjustment in a 

changing but restricted environment with adjustment a mutual 
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or collective phenomenon. He cites as major flaws in 

studies of human ecology their failure to maintain a close 

working relationship between human and general ecology, 

and their undue preoccupation with the concept of competi

tion. Instead, Hawley (1950:404-405) poses as one of the 

major problems of human ecology the succession of changes 

by which an aggregate becomes a community of inter-

dependencies; the ecological model of trade to be con

structed in this chapter will attempt to answer this 

problem. This will be done by viewing human populations 

as a system after Rappaport's (1967) definition, that is, 

as a set of specified variables will result in a correspond

ing change of value in at least one other variable. The 

two variables to be considered are energy flow from the 

external natural environment into the human population 

system and energy flow as a function of the social environ

ment in the form of trade. 

Ecosystems are systems of interaction comprising 

living things together with their nonliving habitat, 

involving the circulation, transformation and accumulation 

of energy through the medium of living things and their 

activities (Evans 1956:1127). Such systems are complex 

structures maintained by inputs and outputs of energy. 

Since energy and matter are continually escaping from open, 

living systems in the processes of life, they must be 

replaced if the system is to continue to function (Evans 



1956:1128). Accordingly, one focus of ecological study 

where ecosystem channels and networks are completely known 

has been the quantities of matter and energy that pass 

through a given ecosystem (see Zubrow 1971a, 1971b, for an 

archeological example of such a study). At a general level, 

studies of different types of ecosystems suggest that 

several major patterns of change in characteristics tend to 

occur regardless of the particular type of system involved. 

The most important of these are increase in the complexity 

of biotic structure, increased efficiency of utilization of 

nutrients and energy, and an increased degree of homeostatic 

regulation. The maturity of an ecosystem is determined by 

the rate of energy flow through its food web which is in 

turn related to the stability of environmental conditions 

and the action of factors directly limiting energy input 

to the system (Collier et al. 1973:491). Biotic structure 

increases in complexity as a byproduct of attempts to 

increase the stability of a community in the sense of a 

rarity of population crashes or explosions by maximizing the 

number of links in the food web of a community (Leigh 1965). 

According to general ecologists, this is achieved either by 

(1) a large number of species each with a farily restricted 

diet or by (2) a smaller number of species, each eating a 

wide variety of other species. In human populations, such 

stability can occur as a result of an increasing number of 

energy inputs from many sources, analogous to (2) (MacArthur 
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1955). This in turn increases the general adaptation of the 

human population in the sense of being able to live and 

reproduce in a greater variety of environments, here by 

enabling the groups to take advantage of many different 

environments by assimilating their energy outputs 

(Lewontin 1957). 

Ecological systems are further characterized by a 

great number of regulatory mechanisms which maintain the 

values of one or more variables within the range or ranges 

needed for continuation of the system (Rappaport 1967), 

In cybernetic terminology such mechanisms are called con

trollers, which are defined as assemblies which interact 

with the environment to ensure a particular stability called 

the "goal" or "objective" (Pask 1961:49). Pask has 

described two restrictions on controllers which are of 

some importance to the development of the trade model. The 

first of these is that the controller is stable and 

successful only for a limited range of fluctuation; the 

second is that the variety of actions must be at least as 

great as the variety of fluctuations to be corrected (Pask 

1961:52). This is a more genreal version of the systems 

generalization known as Ashby's (1956) "Law of Requisite 

Variety"—for maximum stability, the number of homeostatic 

responses required in any system will equal the variety of 

environmental challenges offered it. Pask (1961) defines 

several characteristics of controls as applied to biological 



systems. The first characteristic is survival; an organism 

is a control with its own survival as its objective. The 

basic homeostasis is individual survival but in the real 

world this is in part achieved by cooperation. The second 

is adaptation; to survive in changing surroundings, the 

organism must be an adaptive control system. Finally, the 

overall homeostasis which preserves the organism is a 

function of the joint actions of many homeostatic systems, 

each needed for the functioning of the others CPask. 1961: 

52-54). In biological systems it is the increasing 

complexity of these feedback mechanisms or controls which 

enables the system to maintain a large and complex structure 

and mitigate perturbations of the physical environment. 

The universal occurrence of regulation in living 

organisms indicates that life processes are better carried 

out under relatively constant conditions, with the amount 

and variety of regulatory activity required for steady state 

or equilibrium maintenance dictated by environmental circum

stances. Accordingly, in relatively stable environments 

less energy is needed for regulatory activities. The 

concept of stability has been difficult to define opera

tionally and to measure but in general ecologists provide a 

rough definition by noting that the greater the amplitude of 

fluctuations of the external environment around a range of 

tolerances, the more unstable it is (Connell and Orias 1964: 

409). Accordingly, a good measure of system stability is 
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the number of possible pathways of energy flow through the 

food web (MacArthur 1955:533); as the number of paths of 

energy into the system increases, the more stable it 

becomes. 

Among complex human communities, those which are 
controlled by many diverse regulatory mechanisms 
may be presumed to be the most stable. . . . The 
greater the number of regulatory mechanisms in a 
community, the less the likelihood that any fluc
tuation in community composition reaches a serious 
amplitude before being brought under control 
(Dice 1955:113). 

For the model being developed, the human population 

of a given ecosystem will be viewed as equivalent to the 

organism in Pask's definition. Similarly, trade will be 

considered a controller, one of many in the total system, 

interacting with changes in the non-human environment by 

increasing energy input into the system within a limited 

range from other human systems. Trade is regarded herein 

as a homeostatic control following the work of human 

ecologists such as Wagner (1960), who has suggested that 

natural environmental differences and deficiencies may be 

overcome by artificial environments. In fact, the welfare 

of human groups may be much more closely correlated with 

differences in artificial environments, including amounts 

of energy input from other behavioral systems, rather than 

with differences in the natural environment (Wagner 1960). 

Such a process is suggested indirectly by Hawley's (1950: 

353) remark that trade broadens the subsistence base. 
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Of all the avenues by which energy comes into a 

human system, the most dramatic is raiding and warfare, with 

their mental images of hardy warriors raping, pillaging 

and plundering. However, in general ecological theory 

associations between two species populations which result 

in positive, rather than negative, effects are seen as very 

widespread. In all likelihood, they are probably as impor

tant as competition and parasitism in determining the nature 

of populations and communities (Odum 1971:228). Further

more, in the evolution and development of ecosystems nega

tive interactions tend to be minimized in favor of a 

positive symbiosis which enhances the survival of inter

acting species; it is only recent or new associations which 

are likely to develop severe negative actions, rather than 

older associations (Odum 1971:212). This has been demon

strated in nonhuman ecosystems but applies to human systems 

as well. For example, the pueblos of the Tiguex area 

around Albuquerque and Bernalillo, New Mexico, have 

evidently had a long history of development in situ 

(Wendorf and Reed 1955). In contrast, the Jemez pueblos 

north and west of Bernalillo were gradually moving south 

into a narrowing valley at the time of Spanish contact, 

coming into close geographic association probably for the 

first time in their history. The Tiguex groups are 

generally characterized by a history of peaceful interaction 

insofar as this can be determined from ethnohistorical and 
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archeological sources, whereas the Jemez people have a long 

record of conflict, both with each other and with other 

groups as well (Bronitsky 1974a). 

It is important to note that ecologists have been 

uncertain about the importance of trade between human groups 

in their maintenance and survival. Hawley (1950:199), 

although admitting that trade enlarges a community's 

sustenance base, feels that trade was largely restricted 

to luxury goods in preliterate societies. However, actual 

studies of trade among Indian groups in the United States 

indicates that food may have been an important item of trade. 

Davis (1961) provides a long list of food items traded by 

California Indians, although no indication is given of 

volume, frequency, or seasonality of this trade. In the 

Southwest, W, W. Hill (1948) estimates, in the only 

quantitative estimate of trade, that between 500,000 and 

650,000 pounds of corn were traded to the Navajo by the Hopi 

for sheep in any one year before 1900. 

To this point a fairly simple model has been 

presented in which trade between groups serves to regulate 

the amount of energy flow between communities. Now a process 

of interaction between the variables of population density 

and utilization of measures of agricultural intensifica

tion shall be outlined for prehistoric Pueblo farmers in the 

United States Southwest. As a product of this interaction, 

trade will be shown to become increasingly important in the 
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maintenance of human communities, shifting from a minor to 

a major component of the human ecosystem. 

In ecological theory, ecosystem changes are due to 

fluctuations either in internal population interactions or 

in controlling factors such as natural resources, whether 

directional or cyclical in nature. Two types of ecosystem 

changes resulting in succession have been defined. The 

first, autogenic succession, occurs when the controlling 

factors are stable and the change is due to the effect of a 

system or part of it on the habitat; this is usually a 

gradual and continuous change. Allogenic succession, on 

the other hand, occurs with a change in the controlling 

factors (Van Dyne 1969:3). The interaction of these two 

types results in a progressive succession, that is, one 

where an increase occurs in productivity, biomass, relative 

stability and regularity of populations, and diversity of 

species within the ecosystem. The succession ultimately 

results in a climax community where there is the greatest 

range and degree of exploitation and utilization of 

available resources in the environment (Van Dyne 1969:45). 

Dumond (1965:302) originally noted that for heuristic 

purposes population growth could be regarded as a factor 

entirely dependent on certain cultural developments but that 

it could also be considered an independent variable in turn 

determining some of the same cultural developments. Later, 

he saw population growth not as an independent variable but 
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rather as inextricably interrelated with subsistence expan

sion (Dumond 1972). Here, relaxation of population controls 

with resulting population growth and attendant expansion of 

subsistence activity can be expected to occur with condi

tions of sedentism. The seminal work in this regard is that 

of Boserup (.1965) who regards population growth as a change 

in basic conditions which should be regarded as independent, 

a given she explicitly does not attempt to explain. In this 

view, agricultural developments are caused by population 

trends rather than the reverse being true (Boserup 1965: 

11^12). Both Dumond and Boserup agree that one of the 

effects of such population growth is an expansion of the 

means of subsistence. Boserup outlines a continuum of 

increasing agricultural intensification, with parallel 

changes toward intensification in social organization also 

occurring. 

A similar continuum has been delineated for ancient 

Mesopotamia, where an increase in population density led 

to changes in fallow systems along lines predicted by 

Boserup. This in turn stimulated increased efficiency of 

both agricultural and nonagricultural labor, fostered an 

increasingly intricate division of labor with profound 

consequences for trade, and encouraged improvements in 

agricultural techniques (Adams 1972). Dumond especially 

regards such changes as occurring in the direction of 

increasing centralization, although not to the degree 



implied by the term "civilization." Population growth 

stimulates improvement of subsistence and commerce; these 

in turn, by raising total income, encourage further popula

tion growth in a reciprocal interaction (Dumond 1965:305). 

In a study of modern African groups, Netting (1972) 

states that rudimentary political centralization under 

sacral authority, in addition to agricultural intensifica

tion, may be rendered adaptive by the growing pressure of 

population on circumscribed resources. This provides 

traditionally sanctioned and increasingly institutionalized 

means for handling the interrelated problems of greater 

personal insecurity stemming from reliance on fixed resources 

and unpredictable environmental fluctuations, and increased 

interpersonal and intergroup competition for circumscribed 

resources with a corresponding rise in the frequency and 

severity of disputes. Finally, increasing centralization 

provides a means for handling a developing economic inter

dependence among specialized producers and ecological zones, 

putting a premium on redistribution of goods, protected 

trade routes and peaceful markets (Netting 1972). 

In a study of the appearance of urbanism in early 

Mesopotamia, Young (1972) posits urbanism as the ultimate 

end-product of such a process of social intensification. He 

notes that where the pressure from increasing population 

densities was the greatest, urbanism appeared as a means of 

organizing and controlling the increased population, the 



82 

intensified economic structure which supported that popula

tion, and the labor force which made that intensification 

possible. 

One of the first studies of living peoples which 

viewed population pressure as a critical variable was 

Netting's (1969) study of horticulturalists of the Jos 

Plateau of Nigeria. Here a variety of changes were deter

mined to be due to agrarian population pressure on resources. 

These changes occurred both in terms of agricultural 

intensification (i.e., smaller plots and shortened fallows) 

and in the realm of social organization as well, where 

changes in agricultural method created a selective advantage 

for dispersed settlement, small household productive units, 

and individual land tenure. Netting (1969:112) suggests 

that with intensive agriculture the researcher should first 

look for the relationship between population and arable 

land as crucial. 

In the United States Southwest, one measure of 

agricultural intensification most apparent to the 

archeologist is employment of water-control techniques such 

as irrigation. In general, increased use of irrigation 

has two primary effects relevant to this paper. In regard 

to efficiency, geographers such as Beckmann (1968) claim 

that irrigation results in increasing efficiency, reducing 

the number of persons employed per acre of agricultural 

land, leading to an increasingly depopulated countryside. 



Alternately, human ecologists such as Netting (1975, 

personal communication) view irrigation as creating a 

situation in which efficiency declines but increased energy 

input through human labor more than compensates for it, 

creating a gain in per capita production. Those for whom 

an agricultural income no longer suffices for their needs 

resort to craftwork and trade as a supplement, thereby 

making productive the unemployed periods of the cropping 

cycle and greatly boosting labor time. In either case, 

numbers of people are gradually forced away from direct 

dependence on agricultural output. Further, Flannery's 

(1969) study of domestication in ancient Iran and the Near 

East has delineated a set of environmental and social 

changes co-occurring with increasing use of irrigation. In 

terms of the natural environment, early irrigation first 

aggravated environmental destruction to the point where a 

return to a previously exploited wild resource economy was 

impossible, as wild edibles which competed for the same 

land as domesticates became regarded as weeds and were 

removed. At the same time, inedible crop weeds accompanying 

the introduction of highland domesticates into the Iranian 

lowlands took over the now-empty econiches formerly occupied 

by wild edibles. 

In New Guinea, Clarke (1966) has described an 

increase in the intensity of land use in a system of shift

ing cultivation which led to an increase in total food 
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production. However, this change from extensive to inten

sive shifting cultivation also resulted in an impoverishment 

of the variety of food supply as the forest flora and fauna 

declined in numbers (Clarke 1966). 

In the Near East, irrigation further set the stage 

both for dramatic population increases and for the rise of 

ranked or stratified societies (Flannery 1969). This may 

have occurred as an end-result of a process similar to that 

noted by Meggitt (1965:263) for the Mae Enga of New Guinea. 

Here rules of land tenure and recruitment norms became more 

rigidly interpreted and supported with increasing population 

pressure. In the Near Eastern societies, those people who 

had first rights to land suitable for irrigation ultimately 

became a hereditary elite controlling the small percentage 

of land on which the bulk of food was produced (Flannery 

1969, 1972b). This was the byproduct of a process where 

more productive techniques of food production were employed 

to support the increasing numbers of people, techniques 

which at the same time could be applied to i less of 

the land. 

For the purposes of the trade model being outlined, 

several important processes can be abstracted from these 

studies. As populations increase in size and density, 

there is increasing resort to measures of agricultural 

intensification. In one view (Beckmann), the increasing 

efficiency of this process frees more and more people from 



the need for full-time agricultural work; in the other 

(Netting), efficiency declines and people are forced into 

craft manufacture and trade to supplement an inadequate 

individual agricultural base. However, less and less of the 

potentially arable land is suitable for the new agricultural 

methods, tying growing populations to a relatively small 

number of fixed locales with resultant rapid increase in 

population density. A study of two peasant communities 

in Mexico, one with irrigation and one without, tends to 

substantiate this view by indicating that a significantly 

higher degree of individual mobility in terms of outmigra-

tion was present in the village without irrigation (Finkler 

1973). At the same time that the population is becoming 

less mobile, population pressure may be minimizing an 

individual's chances for access to productive land. Human-

induced ecological changes may be acting to prevent a 

return to previous subsistence modes. Simultaneously, the 

food producing population is experiencing longer stretches 

of free time between activities like planting and harvest

ing, in contrast to food collectors and hunters where 

leisure time comes in short irregular intervals (Smith and 

Young 1972). In ecological terms, the number and diversity 

of energy sources feeding into the human system has 

decreased, rendering the total system increasingly more 

vulnerable to environmental perturbations, These abstracted 

processes satisfy Smith's (197 2) requirements for a valid 
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study of demographic pressure by showing for a circumscribed 

area that agricultural land is delimited, resources are 

narrowly concentrated, and "social circumscription" (after 

Carneiro 1970) is brought about by high population density 

in the center of an area from which groups find it difficult 

to emigrate. It is at this point that trade between groups 

will become a primary mechanism or control for increasing 

environmental diversity in terms of input sources, thereby 

buffering local fluctuations. 

This has been outlined as a general process by Clark 

and Haswell (1967:200) who note that as a subsistence 

economy develops, it is able to divert a gradually increas

ing proportion of its labor force to non-agricultural tasks 

and to trade more with the rest of the world. Wagner 

(1960:236-237) predicts that this increasing reliance on 

"artificial" means of countering environmental change (i.e., 

means other than intensification of agriculture, more wild 

food collecting, etc.) will have important ramifications 

in several areas: 

Increasing artificiality favors intense regional 
specialization of production and at the same time 
widening generalization of consumption patterns; 
wide-spread but small-scale use of relatively 
poor and varied local commodities are replaced by 
standardized goods and services of higher quality. 

A brief survey of the archeological literature 

dealing with the Southwestern United States indicates that 

the interactions discussed above in fact may have occurred. 



In a paper entitled "An Ecological Interpretation of 

Anasazi Settlement Patterns," Schoenwetter and Dittert 

(1968) note that by the fourth century, those Anasazi popu

lation units which exploited valley floors had begun to 

develop a maize surplus, a development the authors claim 

is to be expected after introduction of a new cultigen. 

This in turn encouraged further population growth (although 

as already discussed, cultural anthropologists and human 

ecologists now tend to view population growth more of an 

independent variable than technological innovation), In 

the period from A.D. 700 to A.D. 1100, the Anasazi became 

committed to sedentary settlement patterns. By so doing, 

they also became inextricably linked to patterns of social 

organization consistent with such a way of life and to an 

economy centered around a small but critical proportion of 

the potential food resources at a time when environmental 

conditions had actually reduced the growth potential of 

the requisite cultigens (Schoenwetter and Dittert 1968). 

This supports Flannery's (1969) contention that the initia

tion of a subsistence economy centered around domesticated 

plants represents a decision to replace native high-protein 

wild ground cover with lower-protein crops which would grow 

more densely and which probably required less work to 

harvest, necessitating intensive energy input at only a few 

times of the year rather than the year-round input needed 

for hunting and gathering, in spite of the risk of crop 
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failure. This contention is further supported by Smith and 

Young (1972) for Mesopotamia as already mentioned. 

Once the cultural change from transient to sedentary 

settlement patterns had been accomplished, Schoenwetter and 

Dittert (1968:59) feel the Anasazi found themselves the 

perpetuators of an ever-elaborating system, more by accident 

than design. Once it was established, this cultural pattern 

became as much an integral part of Anasazi existence as the 

agriculture on which it was based. When later environmental 

fluctuations occurred, it was this new culture system which 

had to be reconciled with stresses generated in the natural 

environment. Such reconciliation was likely to be achieved 

by conservative measures which attempted to accommodate new 

environmental conditions to their structure rather than 

their structures to new conditions, to compensate rather 

than revise (Kroeber 1939, Sahlins 1964). At the same time, 

the new econiche opened up by dependence on agriculture 

would have raised the carrying capacity of the region where 

it was practiced. Continuing population increase would 

have led to an expansion of the means of subsistence and 

changes in the social organization in the direction of 

increasing centralization as predicted by Dumond (1965). 

These, by raising total energy input, in turn encouraged 

further population growth. This mutually-reinforcing 

causal network produced the elaborate systems mentioned by 

Schoenwetter and Dittert, rather than some sort of accident. 
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As discussed earlier, a possible means of sub

sistence expansion is use of irrigation with its concomitant 

increase in the degree of sedentism of the population 

employing it. Given both environmental deterioration due 

to natural or human causes or both, and increased reliance 

on irrigation techniques through time to counteract this 

trend, interaction between groups in the form of trade 

would have emerged as a control which would have been one of 

the more effective means of increasing energy input in the 

face of population growth and local environmental fluctua

tions. 

Such an increase in trade through time does seem 

apparent in the Southwest and appears to be correlated with 

increasing reliance on irrigation. For example, at Snake-

town in the Hohokam region of southern Arizona, a gradual 

increase in the number of species and traits in worked 

shell, as well as in total numbers of items, culminated in 

the Classic Period; turquoise followed a similar pattern. 

The same phase also saw the greatest extension of irrigation 

systems in the region (Gladwin et al. 1937). A parallel but 

later increase in the extent and diversity of agricultural 

systems has been described for the Vosberg area, northeast 

of Phoenix, featuring mixed Hohokam and Anasazi occupancy, 

although the author was not concerned with any manifesta

tions other than the agricultural systems themselves 

(Rodgers 1970). Similarly, Haury (1936) noted an increase 
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in amount of shell, diversity of objects made and number of 

species utilized through time in the Mogollon area of 

southwestern New Mexico. On the Rio Grande River of New 

Mexico, trade did not reach significant proportions until 

late prehistoric times (the fourteenth century), that is, 

when volume became sufficiently large to indicate that 

commerce in ceramics had appeared as an institutionalized 

activity (Haury 1962). At the same time, the Rio Grande 

area was marked by a great increase in the number of large 

sites, presumably due to an influx of population from 

drought-stricken areas to the west (Wendorf and Reed 1955), 

and irrigation also made its first major appearance (Ellis 

1970). Furthermore, dendroclimatic analysis indicates that 

the highly favorable environmental conditions present 

between A.D, 1295 and 1304, which had probably encouraged 

the influx, had begun to decline by A.D. 1319 and that, 

after A.D. 1335 until A.D. 1350 (the upper time limit of the 

study), generally dry conditions prevailed over new Mexico 

(Dean and Robinson n.d.). It is interesting to note that 

trade between the Plains and the Rio Grande does not 

manifest itself in the archeological record until A.D. 1300 

in Texas (Krieger 1946) and A.D. 1400 in Kansas (Wedel 

1959) in spite of a history of occupation in both areas 

going back well before the Common Era. In addition, 

Southwestern trade goods in the form of turquoise do not 

appear at the Spiro Mound in eastern Oklahoma until late 
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prehistoric times, although Spiro was a nexus in a wide-

ranging trade network which brought in shells from the Gulf 

of Mexico and copper from Michigan to the site (Bell 1947). 

Similarly, the only Southwestern textile found in California 

to my knowledge is dated as post-Basket Maker and is 

probably late prehistoric (Gifford and Schenck 1926:104). 

It is also at this time that hoes, a means of agricultural 

intensification mentioned in Boserup's continuum, begin to 

appear in significant numbers in Rio Grande Valley sites, 

many of them of plains form. 

Some population units may have tried to maximize 

energy input into their systems by establishing control of 

resources as has been suggested for the Mimbres people and 

the turquoise mines in the Bu-ro Mountains of southwestern 

New Mexico (Cosgrove and Cosgrove 1932) . Others may have 

accomplished this by specialization in finished products as 

has been suggested for glaze-decorated ceramics in the 

central Rio Grande (Shepard 1965, Warren 1969), or by 

acting as middlemen in commerce in luxury goods. This is 

indicated by the presence at Chaco Canyon, New Mexico, of 

several rooms for the storage of pottery with "Mexican" 

shapes, turquoise mosaics and similar goods (Dutton 1962) , 

and the historic trade between Pueblos and Plains Indians, 

dominated at first by Pecos and later exploited by Taos and 

Santo Domingo (e.g., see Kenner 1969). A final hint as to 

the widest extent of this late prehistoric trade network is 
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found in accounts of the journey of De Soto, who met Indians 

in Arkansas who told the Spaniards that to the west they 

could find guides to "the other sea" (Bourne 1904:166). 

If, as Pask (1961:52) has suggested, the variety of 

actions by the controller must be at least as great as the 

number of fluctuations to be corrected if the system is to 

survive, those systems which were able to articulate with 

the greatest number of other cultural systems would have 

had the greatest chance for continued survival in the face 

of continued environmental degradation or fluctuations. 

These other systems need not have been primarily adapted to 

different ecozones in order for trade with them to have been 

effective in minimizing environmental stress. To the 

contrary, sites in close proximity in the same zone could 

still have differed significantly in agricultural and other 

energy output, depending on relatively slight differences 

in such variables as rainfall. Eventually, however, 

environmental changes, if continued, would have exceeded 

the limited range of variation the controller mechanism, 

here trade, could have handled successfully, and the system 

would have had to exercise other options for continued 

survival. One such option was migration. Haury (1958) 

described the movement of a group from the Kayenta area in 

northeastern Arizona to Point of Pines in east central 

Arizona at a time of environmental stress in northern 

Arizona. This migration may have followed previously 
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existing trade ties, as indicated by Reed's comment that the 

Kayenta group bypassed nearer areas, suggesting they knew 

where to go to find a friendly reception (Haury 1958:7-8). 

However, migration and abandonment was only a local 

setback, as stated by Tuggle (1970:123), discussed earlier, 

and available evidence hints that the Southwest as a 

regional system was evolving from a state of independence 

such that a change in each part depended only on that part 

alone to a state of coherence in which a change in a 

particular part caused change in all other parts of the 

system (Hall and Fagan 1956). This can be predicted from 

studies of ecological systems which have pointed out that 

the greater the number of avenues by which energy flows 

through a complex system the more stable it is because the 

energy circulating through it has more alternative avenues 

to choose without structural breakdown. This stability acts 

to guarantee the survival of a biological structure in the 

face of environmental changes (Margalef 1958). This is 

simply a restatement of the more general biological 

principle that stability increases with the number of 

energy paths available to the predator (Slobodkin 1962:158). 

For instance, the Navajo had a complex system first of intra-

tribal trade between different regions where the environment 

provided specialties in raw materials or where commodities 

were produced which were unavailable in other areas, such as 

peaches which were grown only in a few parts of the Navajo 
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country. In addition, a trade between highland and lowland 

Navajos existed, where the higher altitudes produced wheat 

surpluses. In the lowlands, corn matures earlier and was 

traded to the populations of highland Navajo until their own 

corn crops ripened. In return, the wheat surplus was traded 

to the lowlands. This internal trade was in turn inter-

meshed with and buffered by trade with other groups, with 

the Navajo trading finished products, mainly blankets, for 

raw materials destined primarily for home consumption and 

use (Hill 1948). Although Hill (1948:392) feels that trade 

was not a major economic pursuit, his own estimates that 

500,000 to 65 0,000 pounds of corn were traded yearly to the 

Navajo by the Hopi for sheep would seem to contradict this 

statement. Similarly, Hill's remarks that the greater 

proportion of goods were of a luxury and ceremonial nature, 

so that no livelihood could be gained from it, and that only 

a minute portion of the population traded in any one year 

are also contradicted by the estimates of volume. Although 

not definitely stated, it is likely that this trade fluc

tuated according to environmental conditions, as did the 

trade between the Hopi and the Havasupai (Spicer 1962:266). 

The evolutionary change to greater coherence probably 

began in the manner described by Flannery (1972a), with 

assignment of "scheduled" status to previously ad hoc 

exchange of information about social distance and relation

ships between two or more groups, and the addition of new 
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ad hoc exchanges which collect information about still more 

divergent groups. At each evolutionary step, a new insti

tution for information-processing is added-—sodalities, 

trade partners, middle men, central places, and, finally, 

professional merchants CPlannery 1972a:134-135). 

The ecologically-based model of trade which has been 

developed in this chapter predicts that these two basic 

evolutionary shifts will co-occur with the temporal 

sequence of interaction between population increase and 

the employment of measures of agricultural intensification. 

Satisfaction of preconditions implicit in the model and test 

implications for the material culture correlates of trade 

and associated behaviors will be presented in the next 

chapters. 



CHAPTER IV 

THE TRADE MODEL 

Initial Hypotheses and Methodology 

The ecologically-based model of trade which has been 

outlined up to this point contains several demographic, 

technological, and ecological hypotheses. These must be 

satisfied before trade can be said to act as a controller 

mechanism, for only then can it be hypothesized that the 

number and diversity of energy inputs into the human system 

have decreased, with resultant increase in system 

vulnerability to fluctuations of the environment. Follow

ing the approach of Salmon (1975:461), the hypothetico-

deductive method will be used to test these hypotheses by 

deriving logically-dependent test implications from the 

general hypotheses. In contrast to recent proponents of 

this method, most notably Hempel (1962) and LeBlanc (1974), 

the confirmation or disconfirmation of these hypotheses 

will not be considered to reflect the existence or non

existence of general laws but rather only relating to the 

generalizations being tested for the particular place and 

time of the late prehistoric northern Rio Grande region. 

Selection of this area for investigation permits 

more exact attempts at identification of the population unit 
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under study. Human ecologists studying modern groups have 

access to native judgments of group distinctiveness and 

group territory, a resource obviously not available in the 

study of prehistoric groups. Further, the problem of 

definition is compounded by the fact that such populations 

as living systems are open and continually interacting with 

their environment, both human and nonhuman. The constant 

exchange of matter, energy, and information between an open 

system and its environment precludes the definition of 

precise boundaries (cf. Miller 1965). Fortunately, for the 

late prehistoric period of the Rio Grande Valley before 

Spanish contact we have indirect access to native state

ments of village distinctness and territory in the form of 

remembered native names for several now-abandoned pueblos. 

Such names contain an implicit distinction of the particu

lar pueblo from others and are widespread in the northern 

Rio Grande and elsewhere in the Pueblo area. In fact, such 

names have frequently been adopted as the names of later 

Spanish settlements at the same location, exemplified by 

such modern villages as Cuyamungue and Chimayo, Similar 

native place names taken over by Spanish settlements are 

also found, for instance, in the southern Tiwa region which 

was abandoned before AJD.1680, with towns like Quarai and 

Abo. In addition, modern Tewas claim various of the large 

Pueblo IV sites in the upper Rio Grande and Chama valleys 

as ancestral homes for specific population components of 
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modern pueblos, as with the ruins of Sapawe, Puye, and 

Otowi (Florence Ellis 1969, personal communication). This 

claim of relationship is often furthered by maintenance of 

religious shrines at ancestral pueblos by groups claiming 

descent from them. This linguistic, ethnological, and 

ethnohistorical evidence permits identification of at least 

some sites as populations self-regarded as distinct from 

others in the vicinity, and by extension all sites of a 

similar nature. Such identification is not often possible 

when working from archeological sources alone, given 

current methodology and lack of interest in defining 

precisely the concept of population and its relation to 

the unit of study. 

Demographic Hypotheses 

The ecological model of trade which has been 

presented first requires a demonstration of a substantial 

increase in population. The second and corollary pre

condition is that this population increase must occur in the 

context of restriction of the regional population to a 

smaller number of fixed locales, that is, demonstration of 

an increase in density as well as general population. After 

a preliminary investigation of the Southwest region, the 

northern Rio Grande region during the Pueblo IV period 

(AJD. 1200—1540) was chosen for further research because it 

met these preconditions most closely. In the classic paper 
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on Rio Grande prehistory, Wendorf and Reed (1955) noted a 

great increase in the number and size of sites after A.D. 1300. 

This massive increment was presumably due to an influx of 

migrants from the Mesa Verde region to the northeast into 

an area extending from the Chama Valley to the vicinity of 

present-day Albuquerque. Both the probable cause and 

magnitude of the increase have been reconfirmed by the most 

recent reconstruction of the prehistory of the Rio Grande 

area, that of Ford, Schroeder, and Peckham (1972). Both 

reconstruction and recent surveys in the Nambe Falls area 

(Henderson 197 5) and Arroyo Hondo region (Dickson n.d.) show 

that not only did the regional population show a dramatic 

increase at this time but that this increase occurred in 

the form of the growth of a few large sites at the expense 

of nearby smaller sites. Many of these smaller sites were 

abandoned by the end of the Coalition period, the first of 

two subphases defined for the Pueblo IV period in the Rio 

Grande area, spanning a period from A.D.1200 to A.D. 1300 

(Wendorf and Reed 1955). This resulted in the increasing 

concentration of the northern Rio Grande population into 

a relatively small number of large sites, often up to thirty 

and forty acres in extent. For the purposes of this study, 

density increase in the form of population localization must 

be accepted for the region of the northern Rio Grande as a 

whole on the basis of the general reconstructions and 

specific surveys, due to the lack of more specific survey 



100 

information for all sites studied with the exception of one, 

Arroyo Hondo. However, the requirement of significant 

population growth will be demonstrated for each site. 

Hypotheses of Technological Innovation 

The general region of the northern Rio Grande has 

been defined as the area from Albuquerque to Taos and 

including the Chama Valley and the area east to Pecos and 

west to the Jemez Valley (Wilmeth 1956:3). This area 

contains preliminary evidence of fulfillment of the 

technological hypotheses contained in the trade model. 

The first hypothesis is that an increase in agricultural 

intensification will occur concomitantly with an increase 

in population density. Of the indices of intensification 

discussed by Boserup (1965), the ones most visible in the 

archeological record involve the development of new agri

cultural methods. One such development is the innovation 

or adoption of water control systems. In her study of 

irrigation in the northern Rio Grande, Ellis (1970) observed 

that irrigation in this region dates back possibly as far 

as A.D. 1000 and was in definite use by A.D. 1300, becoming of 

major importance in the late fifteenth century and after

wards. Significantly, she declares that irrigation was a 

major factor permitting and encouraging the increase in 

village size in Pueblo IV times. It is interesting in this 

regard that the only prehistoric irrigation canal studied 
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in the northern Rio Grande region was cross-dated by the 

appearance of intrusive ceramics in construction features 

to the period of Biscuit B pottery, or after AD 1300 

(Bronitsky, McKenna, and Soronen 1969). Although no other 

work has been done on prehistoric irrigation works, modern 

ethnographers report the use of irrigation by modern 

pueblos (for instance, see Parsons 1925:11, 14 for Jemez; 

and Parsons 1930:211 for Isleta), where work on the irriga

tion ditch is the main communal activity, requiring the work 

of all pueblo members (Parsons 1925:57). Irrigation 

ditches have also been reported in the vicinity of archeo-

logical sites in the area. Bandelier (1881:89), for 

example, mentions ditches around the extinct pueblo of 

Pecos. Irrigation is also mentioned by the Spanish dis

coverers of the western pueblo of Acoma in 158 2 (as 

reported in Minge 1976:6). In connection with the link 

between population growth and agricultural intensification, 

it is interesting to note that although the reports of 

Espejo in 1582 mention irrigation from a river with canals 

and dams, by 1750 the Acoma had switched to dry farming 

(Minge 1976:34). At this same time the Acoma population was 

estimated at 960 persons, a precipitous decline from the 

1582 estimate of 6000 (Minge 1976:43). Modern ditches at 

Acoma range from less than a mile to almost seven miles in 

length (Minge 1976:74). Given the absence of more specific 

information about water control in the prehistoric Pueblo 
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Southwest, the evidence presented will have to satisfy the 

irrigation hypothesis. However, other developments related 

to agricultural intensification can and will be tested on 

data from this area. 

One such development outlined by Boserup in her 

continuum of agricultural intensification is the introduc

tion and increasing use of the hoe and other means of earth 

modification, hereafter called the agricultural tool 

implication. Chipped stone hoes are known from several 

Rio Grande and Chama Valley sites during the Pueblo IV 

period (e.g., Wendorf 1953). Furthermore, it can be pre

dicted that as population density increases, more efficient 

tools will be developed to minimize food waste. This food 

preparation efficiency implication was first noted for 

Pueblo technology by Bartlett (1933), who observed an 

increase in the number of triangular raanos, hand-held 

grinding stones, through time as compared to other mano 

types. She reasoned that if a rectangular or biconvex 

cross-section mano was held flat on a metate and pushed 

back and forth, the meal under it would be rapidly pushed 

to either side, requiring that it be frequently spread 

back, In contrast, when the front of the mano was raised 

on the down-stroke and set flat for the up-stroke the meal 

would remain under the mano for a considerable length of 

time. The down-stroke grinds corn as it pushes the corn 

meal before it as the mano goes down the metate; the 
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up-stroke carries the meal back up the metate. The result 

is very little loss of meal on either side of the metate. 

An increase in agricultural intensification will 

also be reflected in increased rescheduling of non-

agricultural activities to seasonal periods when labor is 

not required for crop-related activities such as ditch 

maintenance, planting, and harvesting. This rescheduling 

hypothesis follows the lines of Robinson's (1967) research 

who noted a shift from tree-cutting activity in the summer 

in Basketmaker III times, characterized by a predominantly 

hunting and gathering economy, to tree-cutting in non-

planting season periods in predominantly agricultural Pueblo 

sites. A similar shift from housebuilding in early fall 

in Basketmaker times to construction during winter months 

in later Pueblo communities was also evidenced. Both 

trends suggest that agriculture was becoming sufficiently 

important through time to necessitate rescheduling of other 

activities to times of non-agricultural activity (Robinson 

1967:94-96). Dendrochronological data will provide the 

basis for testing the tree-cutting implication of the 

rescheduling hypothesis. Rescheduling will also be seen in 

greater emphasis on hunting activities during periods of 

lower population, since peak animal harvest usually occurs 

at the same seasons in which group efforts are required for 

agricultural pursuits, such as deer-hunting in early fall 

harvest season. Differential emphasis on hunting can be 
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tested on the relative concentrations of hunting implements 

in rooms from periods of differing populations. 

Access Minimization Hypothesis 

Another hypothesis contained in the ecological model 

of trade is that an individual's rights of access to arable 

land are being minimized as technological innovations occur. 

Archeologists are unable to directly examine the relation

ship of an individual to such land, but his relationship to 

the products of the land can be analyzed. According to 

Glassow (1972), an increase in population density co-occurs 

with an increase in the amount of energy processed through 

facilities, which are defined as artifacts which impede 

energy transfers and conversions by containing and maintain

ing energy (Glassow 1972:293, after Wagner 1960:92-94). The 

facility test implication states that when access to arable 

land is being minimized and, by inference, access to its 

products, a localization of facilities such as storage pits 

and cists can be expected. This should produce markedly 

uneven distributions of such facilities during times of 

greatest population density. Unequal access to irrigable 

land will also create an uneven distribution of primary 

food-processing implements, in this case, those rough-

textured manos and metates used to convert maize and other 

vegetal products into coarse meal for further distribution 

and later processing by other households into finer grades 
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for human consumption. Accordingly, this texture implica

tion holds that manos and metates with rough and very rough 

surfaces will be significantly more unevenly distributed 

than manos and metates with finer surfaces. 

As agricultural intensification continues, those 

population units with access to prime arable land will seek 

to diversify their energy base by trading agricultural 

produce for other items, thereby maximizing their links with 

other systems for greater stability. Other groups whose 

access is being minimized may resort to craft specialization 

to gain access. Both processes will result in an uneven 

distribution of resources which will be greater in times of 

high population than when populations are at a low level. 

This implication of uneven resource distribution will be 

tested on a variety of basic materials, including bone, 

shell and antler debris, bone and antler tools, and lithic 

materials. Other materials besides basic resources will 

also manifest a similar distribution. For example, given 

the widespread use of pigments in Pueblo ceremonies, it can 

be expected that in times of high population the distribu

tion of pigments such as hematite will be highly uneven. In 

contrast, tools showing pigment stains, which were probably 

used by individuals to break down pigments for personal use, 

will be characterized by a more even distribution regardless 

of population density. This will be referred to as the 

pigment/stain implication. 
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The final hypothesis is an environmental one. It 

is necessary to show that environmental changes acted to 

prevent a return to previous subsistence strategies, such 

as greater reliance on gathering wild plant foods. Here 

again there is ample evidence from the northern Rio Grande 

area. Dendroclimatic data suggest a dry period extending 

up to A.D. 1350, the upper limit of the analysis of Dean and 

Robinson (n.d.), after an earlier moister period. Early 

Spanish accounts indicate that winters in the 1540's were 

more severe than at present, with several periods of drought 

as well. A very severe drought in the late 1500's, for 

example, probably resulted in the abandonment of many sites 

on the Chama River (Schroeder 1972). These general regional 

studies will be considered as satisfying the environmental 

hypothesis for the sites studied. 

Methodology 

In the general area of the northern Rio Grande, 

collections from three sites were chosen for further 

investigation and study (see Figure 1). Criteria for 

selection were the demonstration by the original investi

gator (s) of greatly differing population densities in the 

course of the development of the pueblo, existence of site 

maps, access to either published descriptions of the site 

or the researcher's notes, and availability of the artifact 

collections for study. Initial investigation of collections 
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Figure 1,. Site Locations in the Northern Rio Grande Area 
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in the Laboratory of Anthropology of the Museum of New 

Mexico in Santa Fe indicated greatly differing retention by 

the institution of artifacts by tool categories among 

sites, which led to the decision to study several collec

tions. It was felt first that this would minimize the 

operation of chance factors of collection acquisition and 

retention on final evaluation and interpretation of the 

general model. Further, the use of several sites was 

necessary in order to examine the regional nature of the 

trade model and related phenomena under study. Finally, 

sites were selected in order to provide a range of thorough

ness of site excavation and reporting. This was done in 

order to assess the utility of using museum collections to 

test models of process and change when such collections 

were neither made nor recorded with such models in mind. 

Such an assessment was prompted by the rise of the concept 

of archeological resource management. In this view, a site 

should be excavated only as a last resort, and then sampled 

as little as necessary in order to leave as much as 

possible for future archaeologists (cf. Dixon 1971:55). In 

fact, according to proponents of this point of view, . . 

by keeping prehistoric deposits intact, we are leaving our 

most important legacy to future scientific archaeology" 

(Dixon 1971:55). 
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Two sites are represented by collections in the 

Laboratory of Anthropology. The first of these is Pindi 

Pueblo (LA 001 in Laboratory files). 

Pindi Pueblo 

The site is situated on the Santa Fe River six miles 

southwest of Santa Fe, New Mexico and was excavated in 1932 

and 1933 by S. A. Stubbs and W. S. Stallings, Jr. as a Civil 

Works Administration project in order to salvage the 

remainder of the site from river erosion and modern 

destruction by farming (Stubbs and Stallings 1953) (see 

Figure 2). The site was excavated to provide an under

standing of the period of the start of large pueblo 

communities, and over one hundred rooms were excavated, the 

major portion of the site. Pindi is located in an eco

logically transitional zone with scattered growths of 

juniper and pinon around the site, which is situated at an 

elevation of about 6500 feet (Stubbs and Stallings 1953:1). 

Downcutting of the Santa Fe River and general erosion has 

probably destroyed most traces of water control structures, 

although no attempt to locate them was made; however, the 

site is located very close to a spring or seep. The 

excavations were presented in a very extensive report which 

Breternitz (1966:5) has called one of the best in the entire 

area. 
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The investigators determined that after an initial 

occupation in late Pueblo II times, represented by a sandy, 

ash-flecked lens with Chaco II and Kwahe'e Black-on-white 

sherds, the site was abandoned for an indefinite period of 

time. It was resettled during the Pueblo III period, 

around A.D. 1200, the beginning of an occupation which the 

authors divided into three building and ceramic periods 

(Stubbs and Stallings 1953:2-3), a division followed in this 

analysis. The Second Building period represented the 

population peak for Pindi Pueblo and was marked by the 

construction of several large room blocks, kivas, and 

plazas. This followed a period of initial construction and 

was followed by a period of much reduced population. The 

site was finally abandoned around A.D. 1350, Following the 

chronological evidence presented in the final report 

(Stubbs and Stallings 1953:9-23) and information on features 

of architectural construction (Stubbs and Stallings 1953: 

24-47), artifacts from Kivas A, B, and C were defined as 

First Building Period (low population), artifacts from room 

blocks 400, IIA, IIBl, IIC, and IID as Second Building 

Period (high population), and artifacts from room blocks 

500, 700, and IIB3 as Third Building Period (low popula

tion) . Although all artifacts from this site were 

recorded, only materials from these proveniences were 

analyzed for the purposes of testing the trade model. With 

all three sites, only artifacts which could be assigned to 
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a definite period of site occupation were analyzed. 

Similarly, artifacts from all three sites were recorded on 

forms which were identical for each category, such as 

retouched chipped stone, bone awls, other bone tools, and 

so on. Copies of all artifact forms and associated coding 

keys can be found in Appendix A. The information on the 

forms was then punched onto computer cards for use in SPSS 

CROSSTABS and FREQUENCIES programs which produced counts of 

artifacts, materials, and relevant attributes by room by 

time period, or simply by time period. With this informa

tion in mind, we can now proceed to the evaluation of the 

test implications and hypotheses of the trade model for 

the site of Pindi. 

Native name: none. 

Population growth: Although no population figures are 

given, the Second Building Period is described as "one of 

marked expansion" (Stubbs and Stallings 1953:9), accompanied 

by considerable construction, in contrast to both First and 

Third Building Periods. 

Hypotheses of Technological Innovation 

Agricultural Tool Implication. Earth modification 

implements such as picks and notched tools probably used as 

hoes (Stubbs and Stallings 1953:109) were analyzed under the 

general heading of chipped stone tools, using a modification 

of procedures developed by the University of Arizona Field 
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School at Grasshopper. Out of two chipped stone tools from 

the First Building Period, none were picks or notched tools; 

from the Third Building Period, none of the ten chipped 

stone tools were of this category. However, from the 

Second Building Period, the period of peak population 

density, seven of a total of seventeen chipped stone tools 

were picks or notched tools. This suggests that some 

measure of agricultural intensification was in fact co-

occurring with the period of greatest population, given 

possible skewing due to incomplete retention of all items 

in the chipped stone category. 

Food Preparation Efficiency Implication. This 

implication could not be checked for either of the two 

sites from the Laboratory of Anthropology, as there was a 

total of only three manos from all the sites still in the 

Laboratory's collections. 

Rescheduling Hypothesis 

Tree-cutting Implication. This was tested on a 

total of three specimens from Period One, eighteen from 

Period Two, and six from Period Three. These specimens 

were examined and classified according to whether or not 

the growing season of the specimen had been completed when 

the tree was cut. A complete season would indicate the 

tree was cut after the growing season of the year to which 
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it dates; an incomplete season indicates the tree was cut 

during the growing season of the year to which it dates. 

The Pindi specimens are all pinyon pine, which has a growing 

season from about April 1 through August (Jeff Dean 1975, 

personal communication). Accordingly, the implication was 

formally stated that the ratio of complete to incomplete 

specimens would be greater during the Second Period than in 

either the First or Third Periods at Pindi Pueblo. In 

order to test this difference, the "z" test was used (after 

Hoel 1971:134-137). Although the test assumes a normal 

distribution of the statistic, an assumption almost 

impossible to meet given the uneven retention of artifacts 

in the Laboratory collections, it was chosen because its 

relation to Pearson's "r" makes it one of a body of 

"robust" statistics. This term refers to statistics for 

which violation of the population normality assumption does 

not seriously alter the interpretation of the statistic 

(Zeller and Levine 1974:15111). The formula is 

z = Pl " P2 
0Pi - p. 

where P^ and P2 are the sample proportions obtained from 

samples of sizes and N2 drawn from respective populations 

of proportions p^ and p9. ap^^ - p2 = /pq(l/N1 -i- 1/N2) where 

»1P1 + N2P2 
P " 
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is used to estimate the proportion of the population and 

q = 1 - p. 

The ratio of complete to incomplete specimens of 

pinyon pine at Pindi Pueblo was: 

First Building Period 1:2 

Second Building Period 15:3 

Third Building Period 3:3 

The " z" test shows that the difference between the 

First and Second Period ratios is significant at greater 

than ,05 level of confidence. The difference between 

Second and Third Period ratios is significant at greater 

than .90 level of confidence, and there is no significant 

difference between the ratios of the First and Third Periods. 

Hunting Implements Implication. Of the total range 

of chipped stone tools found at Pindi—projectile points, 

drills, side and end scrapers, picks, notched tools, knives, 

knife-scrapers and use flake scrapers—projectile points 

were chosen as the most likely artifacts to have been used 

in hunting subsistence strategies. The proportion of 

projectile points to all chipped stone tools was: 

First Building Period 0/2 

Second Building Period 5/17 

Third Building Period 4/10 

The "z" tests showed there was no significant difference 

between the proportions for the Second and Third Building 
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Periods, in spite of an increase in projectile points from 

29% of the total assemblage in the Second Period to 40% 

in the Third Period. However, projectile points are more 

likely to be lost in the field than deposited around a 

site so the increase may represent a trend which has been 

affected by factors of systemic context and deposition 

(Schiffer 1972). Accordingly, the implication that 

increasing reliance on intensive methods of agriculture 

will necessitate rescheduling of other activities is 

accepted, at least for tree-cutting activities, and the 

null hypothesis of no significant change is rejected. 

Access Minimization Hypothesis 

Facility Test Implication. Data from both kivas and 

rooms were analyzed in order to test this implication. 

Storage facilities were defined as niches, storage cists, 

and large subfloor holes too large for postholes and too 

deep to have been used for mixing adobe. The three kivas 

from Building Period One had an average of two facilities 

per kiva; kivas from the Second Building Period an average 

of three. No kivas were found which could be attributed to 

the Third Building Period. The increase suggests a greater 

need for storage but data from rooms are needed to show an 

uneven distribution of such facilities. No First or Third 

Period rooms had any storage facilities. However, rooms 

constructed during the Second Building Period had a total of 
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24 cists, niches, and large holes. These were all concen

trated in five rooms (112, 116, 121, 138, and 161) from 

three room blocks. All five rooms are clustered in the 

southern portion of the site. Based on ethnological evi

dence, Stubbs and Stallings (1953:31) suggest that these 

were rooms used by religious societies for ceremonies and 

storage of religious items, the society rooms of ethno

graphic literature, and probably functioned as small kivas. 

These rooms were distinguished by a variety of other 

features as well as the concentration of storage facilities. 

The evidence indicates that storable surpluses may have 

been controlled by small subunits of the society organized 

along sacral lines. 

Texture Implication. Only three manos from all 

three sites in the collections of the Laboratory of 

Anthropology were preserved, and only three metates. 

Resource Distribution Test Implication. Resource 

distribution was measured by calculating a mean occurrence 

of a given resource per room for those rooms in which it 

was found; in other words, rooms lacking it were not 

included in computing the mean. The means were then 

tested using Student's "t" test. This test was chosen 

since it applies to any problem where the relevant standard 

error must be estimated from data contained in the sample 

(Minium 1970:300). The formula for Student's "t" is 
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t 
a/l/N^ + 1/N2 

where and x2 are the two means and N-^ and N2 are the 

respective sample sizes, a is calculated according to the 

formula 

where s is the standard deviation (Minium 1970:300). The 

"t" test also has the advantage that violation of the 

assumptions of normal distribution of populations and the 

homogeneity of variance will not significanLly affect the 

interpretation of the statistic (Minium 1970:367). 

means, the variance of each mean was then subjected to an 

"F" test in order to determine if the distribution around 

the mean number of occurrences per room was more uneven in 

times of high population as predicted by the hypothesis. 

The "F" statistic is calculated according to the formula 

where s^ and s2 are the standard deviations of the means of 

the two samples. The advantages of this test are the same 

as those of the Student's "t" test described above and are 

a /• Ni + H2 " 2 

After determination of the independence of the 
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especially important when the skewed nature of the data is 

considered. Lack of randomness in sample selection by the 

original investigators and differential conservation of 

excavated materials among artifact categories and sites by 

curatorial staff will generally not substantially affect 

interpretations based on these statistics. These problems 

will also be counteracted by the employment where appro

priate of non-parametric statistics such as chi square and 

utilization of several sites in testing the hypotheses and 

implications of the general trade model. This will provide 

cross checks and render unnecessary the reliance on the 

demonstration of one or a few trends in interpretation, a 

characteristic of many studies of prehistoric trade (for 

instance, Schaefer 1969). 

Occurrence of Bone Debris. This category provides 

a good example of data skewing due to later conservation by 

museum facilities. Stubbs and Stallings (1953:126) report 

"a large amount of refuse bone" representing a wide range of 

bird and mammal species, yet only seven bone refuse frag

ments were found in the Pindi collections. None of these 

were identified in museum records. The bone debris data are 

presented in Table 1. The "t" test results show no signifi

cant difference in mean cases of bone debris per room between 

periods, and the 0 value of the standard deviation for the 

Third Building Period prohibits use of the "F" test. 
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Table 1, Bone Debris, Pindi Pueblo 

First Building Period Cases 
Second Building Period Cases 

0 . 0  
5.0 
1.6 
0.9 
2 . 0  
1.0 
0 . 0  

Mean cases per room 
Standard deviation 
Third Building Period Cases 
Mean cases per room 
Standard deviation 

However, in view of the small number of cases and apparent 

skewness of the data, a chi square test was performed which 

indicated that the distributions differ between periods at a 

level of confidence greater than .95. This suggests that 

the greater variance in the Second Building Period cases 

may indeed reflect an uneven distribution of bone debris 

and, by implication, of animal food resources. This 

hesitant and tentative conclusion will be checked against 

the results of tests on a variety of other bone items, 

specifically bone awls, other bone tools and bone ornaments. 

Where known, distribution of materials of manufacture will 

also be checked. The Pindi data are presented in Table 2. 

The results of the "t" test show no significant difference 

in the mean cases per room among periods; however, the 

difference in distribution of cases per room around the 

means is significant by "F" test at greater than a .99 

level of confidence, proving the implication that for bone 

awls distribution will be significantly more uneven in the 
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Table 2. Bone Awls, Pindi Pueblo 

First Building Period cases 0.0 
Second Building Period cases 123.0 
Mean cases per room 1.9 
Standard deviation 2.0 

Third Building Period case 32.0 
Mean cases per room 1.7 
Standard deviation 0.9 

Second Building Period of high population than in the Third 

Building Period of much lower population. Again, although 

awls are identified by faunal source in the original report 

(Stubbs and Stallings 1953:127), the absence of such 

identification of artifacts in the museum collection 

prevented a test of differential distribution of awl 

materials at Pindi Pueblo. 

Other Bone Tool Occurrences. These were defined as 

worked fragments, hammer-flakers, scrapers, wrenches, and 

beamers. Only two artifacts of this category were found in 

the Pindi collection, one hammer-flaker and one scraper, 

both from Second Building Period proveniences, making 

further statistical tests impossible. 

Bone Ornament Occurrences. Artifacts included for 

analysis in the category of bone ornaments were hollow 

tubes, whistles, flutes, pendants, and bitsitsi whistles. 

Flutes and whistles were distinguished by the presence of 
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multiple holes on the former. Bitsitsi whistles are small 

bone tablets which are bound together with a blade of grass 

as vibrator in between and held in the mouth to produce a 

whistling noise in modern Zuni ceremonies (Stubbs and 

Stallings 1953:137). The bone ornament data are presented 

in Table 3, There was no significant difference in mean 

occurrence among periods by "t" test, and 0 values of 

standard deviation prevented use of the "F" test. Nonethe

less, the difference in standard deviations among periods 

does suggest some possible differential distribution. 

Hollow bone tubes made up 44% of the Pindi bone ornament 

assemblage, and these were examined to check the pattern 

of their distribution. The bone tube data are presented in 

Table 4. The "tM statistic indicates a significant differ

ence in occurrence per room between the Second and Third 

Building periods but not between either First and Second or 

First and Third Building Periods. Again the 0 value of the 

standard deviation prevents use of the "F" test but it is 

interesting to note that the variance is greatest for the 

Second Building Period, as predicted by the hypothesis and 

which was also noted for the general case of bone ornaments. 

Shell Fragment Occurrence. No shell fragments were 

found in the collection and none are reported in the site 

report (Stubbs and Stallings 1953:138-139), which is 



Table 3. Bone Ornaments, Pindi Pueblo 

First Building Period case 3.0 
Mean cases per room 3.0 
Standard deviation 0.0 

Second Building Period cases 64.0 
Mean cases per room 1.9 
Standard deviation 1.3 

Third Building Period cases 8.0 
Mean cases per room 1.0 
Standard deviation 0.0 

Table 4. Hollow Bone Tubes, Pindi Pueblo 

First Building Period cases 2.0 
Mean cases per room 2.0 
Standard deviation 0.0 

Second Building Period cases 27.0 
Mean cases per room 1.3 
Standard deviation 0.6 

Third Building Period cases 6.0 
Mean cases per room 1.0 
Standard deviation 0.0 
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probably a function of disintegration due to soil acidity 

(Stubbs and Stallings 1953:138-139). 

Shell Ornament Occurrences. Shell ornaments were 

defined as pendants, disc beads, Olivella shell beads, and 

tinklers. The latter are Conus shell beads with the tips 

sawed off which are used by modern Pueblo Indians as dance 

ornaments. Although 95 shell ornaments are reported from 

Pindi (Stubbs and Stallings 1953:139), only six shell 

ornaments were from proveniences assignable to definite 

periods or preserved in the museum collection. These were 

three pendants and one tinkler from the Second Building 

Period and two pendants from the Third Building Period. 

All were found singly in rooms but their paucity and obvious 

skewness did not lend themselves to further statistical 

testing. 

Chipped Stone Tool Occurrence. Over 7 0 chipped 

stone tools are reported from Pindi (Stubbs and Stallings 

1953:97-109) but only 27 were from proveniences assignable 

to one of the Building Periods, preserved in the museum 

collection or both. The nine projectile points accounted 

for 33% of the assemblage and all other categories had 

considerably fewer items. Similarly, when source material 

was considered, of the nine material categories represented 

at Pindi, no category had more than seven cases, rendering 

further tests almost impossible. However, although unusable 
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for this portion, such materials were used in connection 

with other statistics in substantiating other parts of the 

model, as discussed in subsequent chapters. 

Grinding Tools and Mano Occurrences. Only three 

grinding tools and three manos were found from all three of 

the sites studied in Museum of New Mexico collections. 

Hammer and Abrading Stone Occurrences. Only four 

items from this category, which included polishing stones, 

shaft straighteners and other similar artifacts, were found 

in the collections from Pindi assignable to definite time-

related proveniences, three polishing stones from the 

Second Building Period and one shaft straightener from the 

same period. 

Stone Ornament Occurrences. Twenty-four items of 

this category were found in assignable proveniences in the 

Pindi collection. Of these, only the pendant category had 

more than one occurrence per room. The pendant data are 

presented in Table 5. Although the "t" test results showed 

no significant difference in mean occurrence among periods, 

it is interesting that both the greatest number of cases and 

the highest mean occurrence come from proveniences of the 

Second Building Period. Similarly, although no "F" test 

could be performed, the highest variance was found in the 
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Table 5. Stone Pendants, Pindi Pueblo 

First Building Period cases 1.0 
Mean occurrence per room 1.0 
Standard deviation 0.0 

Second Building Period cases 6.0 
Mean occurrence per room 3. 0 
Standard deviation 1.4 

Third Building Period cases 2.0 
Mean occurrence per room 1.0 
Standard deviation 0.0 

Second Building Period as predicted by the resource distri

bution hypothesis. 

Pigment/stain Implication. Only six occurrences of 

pigment were found in assignable Pindi proveniences. 

Pigment was defined as red and yellow ocher minerals and 

gypsum which showed signs of wear and abrasion which 

suggested use. Two instances of red ocher, one of yellow 

ocher and one of gypsum were found in Second Building Period 

proveniences; two occurrences of red ocher were found in 

Third Building Period proveniences. All had an occurrence 

of only one per room. The absence of manos and grinding 

stones prevented further testing of this implication on the 

data from Pindi Pueblo. 

The results of the test implications of the general 

trade model at Pindi Pueblo are summarized in Table 6. In 

view of the highly uneven nature of the data due to differ

ential retention in museum collection and ability to link 
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Table 6. General Trade Model Test Results, Pindi Pueblo 

Native name 

Demographic hypothesis 
population growth + 
population density r 

Technological innovation 
irrigation r 
agricultural tools + 
food preparation efficiency 0 

Rescheduling 
tree-cutting + 
hunting implements 0 

Access minimization 
facilities + 
texture 0 
tool distribution 
bone awls + 
other bone tools 0 
bone ornaments + 
shell ornaments 0 
chipped stone tools 0 
grinding tools 0 
manos 0 
hammer and abrading stones 0 
stone ornaments + 

materials 
bone debris 0 
bone awls „ 0 
other bone tools 0 
bone ornaments 0 
shell fragments 0 
shell ornaments 0 
chipped stone tools 0 
grinding tools 0 
manos 0 
hammer and abrading stones 0 
stone ornaments 0 

pigment/stain 0 

Environmental change r 

a+ = positive test; - = negative test; 0 = insuffi
cient data; r = test accepted as positive on regional basis. 
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artifacts with temporally-related proveniences, it is 

significant that there are six positive tests out of a total 

of 28, with two more positive tests (population density and 

irrigation) on the basis of regional surveys and culture 

histories, and only one negative factor, that of native 

name. Even more, each of the major hypotheses has at least 

one positive implication—demographic, technological, 

rescheduling and minimization of access. However, there 

were twenty implications for which data were inadequate or 

altogether lacking. Accordingly, the indication that the 

general trade model is in operation at this particular site 

must be taken as a tentative conclusion, pending the 

results of the same tests on the other sites under con

sideration in this study of the northern Rio Grande region. 

Cuyamungue Pueblo 

The site is located in northern New Mexico on a 

terrace above the left bank of the Rio Tesuque, about twelve 

miles northwest of Santa Fe and one mile south of the 

present village of the same name (see Figure 3). The site 

was excavated in 1952 by the Laboratory of Anthropology 

under the direction of Fred Wendorf but the results were 

never published. The only information available on the site 

are the excavator's notes, the collection of artifacts in 

the Laboratory of Anthropology, and a master's thesis 

presented by one of the excavators to the Anthropology 
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Department of the University of New Mexico in 1956 (Wilmeth 

1956). The site is located on a bench above the flood plain 

of the Rio Tesuque in the same kind of ecologically transi

tional zone as Pindi, with characteristic Upper Sonoran 

life zone fauna and flora. The site was a small Tewa 

pueblo when first contacted by the Spanish, with a popula

tion estimated at between 150 and 200 people (Wilmeth 1956: 

20). The pueblo population declined greatly under Spanish 

occupation and was finally abandoned in 1696. The excavators 

defined three periods of occupation, and the summary of 

occupational history presented here is based on Wilmeth's 

(1956:29-33) reconstruction. The first occupation began in 

the Galisteo subphase of the Coalition Period of Rio Grande 

prehistory, or around A.D. 1250. This initial population 

remained constant at a low level to judge from the archi

tectural evidence until the start of the Classic Period 

around A.D. 1325. Kivas Three and Four were constructed and 

abandoned during this period and were assigned to the First 

Time Period of this pueblo for further analysis. The 

Classic Period occupation was marked by the sudden appear

ance of glaze wares in trade and a great rise in the pro

portion of Biscuit wares in the total ceramic assemblage. 

Classic rooms were built above Kivas Three and Four, and 

population increased considerably as represented by house 

construction in the unexcavated Mounds 2, 3, and 4. The 

West room block was built at this time, as was Kiva One. 
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The central and southern portion of the North block was 

occupied during this Classic Period. Artifacts from Kiva 

One, the West Block, and the central occupation (as further 

defined on the basis of research notes and artifact records) 

were assigned to the Second Time Period of Cuyamungue. The 

Historic Period saw considerable reduction in population. 

Only the upper or northernportion of the North block was 

occupied. All construction during this period was limited 

to this one section of the pueblo. Accordingly, items from 

proveniences in the upper occupation were assigned to the 

Third Time Period of Cuyamungue. The assignment of 

proveniences to Time Periods was checked at Cuyamungue by 

examining the distribution of worked sherds, a check not 

possible with the Pindi material since only one such sherd 

was found in the collections. The results are presented in 

Table 7. The tentative assignment of proveniences into time 

periods is supported by the appearance of Biscuit B (ca. 

A,D. 1425-1500; Stubbs, in Stubbs and Stallings 1953:155) in 

the First and Second Periods, Tewa Red is a ceramic type 

of long duration in the Rio Grande beginning about A.D. 1525 

(Stubbs and Stallings 1953:155) and continuing to about 

A.D. 1750. All the ceramic types from the Third Time Period 

are late prehistoric and historic wares with the exception 

of the single Biscuit A piece (ca. 1375-1450). This sherd 

was found in the same room as the unknown glaze piece 

suggesting possible re-use of a sherd from an earlier part 
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Table 7. Worked Sherd Ceramic Types, Cuyamungue Pueblo 

Ceramic type Number 

First Time Period Biscuit B 1 

Second Time Period Biscuit B 1 
Tewa Red 3 

Third Time Period Biscuit A 1 
Unknown glaze 1 
Tewa Red 1 
Sankawi Black-on-cream 1 
Kapo Black 1 
Historic Black-on-red 1 
Plain 1 
Utility 1 

of the site, and a generally later date for the room, since 

the collection records describe the glaze as an unknown 

glaze, but probably late. This would warrant its inclusion 

in the final period, as glaze wares were made until about 

A.D. 1700 on the Rio Grande River (Stubbs and Stallings 

1953:155), and supports the validity of the temporal and 

provenience distinctions which have been made. Given this 

brief summary of the cultural history of Cuyamungue, the 

evaluation of the test implications and hypotheses of the 

trade model can now be considered. 

Native Name 

The pueblo of Cuyamungue was known to the Spanish as 

a small Tewa pueblo whose church was a visita of the one in 
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Tesuque (cf. Otermin's account, 1680, cited in Hackett 

1942:5). 

Population Growth 

Wilmeth (1956:22) states that the Classic Period 

population was "much greater" than either the preceding or 

succeeding periods. 

Hypotheses of Technological Innovation 

Irrigation. In 1634, Benavides reported that the 

Tewa Indians of this area were suffering famine from the 

lack of irrigation water (Hodge, Hammond and Rey 1945:37). 

Onate also mentions the use of irrigation in this Tewa area 

(Hammond and Rey 1940:626) although the reference does not 

make clear whether this was ditch irrigation or flood 

irrigation. Nonetheless, in his study of the climate of 

New Mexico, Hardy (1941:1023) states that dry farming would 

have been virtually impossible in the area of Cuyamungue 

and further declares that the people must have had some 

means of irrigating the fields, although there was no 

physical evidence left. 

Agricultural Tool Implication. None of the remain

ing lithic materials from Cuyamungue could be assigned a 

temporally-related provenience, preventing further testing 

of this implication. However, Wilmeth (1956:50) does note 
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that the hoe was fairly widely distributed in sites of the 

region. 

Food Preparation Efficiency Implication. This 

implication could not be checked for this site as no raanos 

from Cuyamungue were retained in the Laboratory collection. 

However, Wilmeth (1956:7 3) notes that the ratio of simple 

face to faceted face manos is smaller in the upper levels 

of the site, suggesting an increase in faceted face manos 

through time. Over 45% of the manos mentioned in the report 

are of the faceted or diamond-shaped cross-section cate

gories (Wilmeth 1956:73). 

Rescheduling Hypothesis 

Tree-cutting Implication. No dendrochronological 

data from this site are preserved in the collections of the 

Tree Ring Laboratory of The University of Arizona and 

Wendorf (1975, personal communication) states that no tree 

ring samples were taken. 

Hunting Implements. None were found after examina

tion of the Laboratory of Anthropology collection from this 

site. 

Access Minimization Hypothesis 

Facility Implication. Facilities at Cuyamungue 

included cists, niches and large plainware vessels. 
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Although the total number was available, further breakdown 

into the number per room was not possible due to the 

fragmentary nature of notes and records. The data are 

summarized in Table 8 as a ratio of facilities per total 

rooms. Performance of a "z" test showed no significant 

difference in the number of storage facilities per total 

number of rooms among periods. However, when further 

broken down into types of facilities some significant trends 

do emerge (Table 9). When applied to specific types of 

facilities, "z" test results indicate a weak decline in the 

number of niches per total rooms excavated between the 

Second and Third Time Periods; that is, a change significant 

at greater than .90 level of confidence, but less than .95. 

However, the rise in the number of storage cists per total 

number of rooms excavated between the Second and Third 

Periods is significant at greater than .95 level of confi

dence, This suggests an increase in bulky storable 

commodities during a period of low population and a possible 

decline in the amount of smaller commodities in the same 

period, perhaps due to a decline in small "luxury" goods 

commonly stored in niches. This tentative conclusion will 

be reassessed later in the chapters on standardization and 

banking of luxury goods. 

Texture Implication. No information on mano and 

metate texture was available either in notes, or Wilmeth's 
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Table 8. Facilities per Total Rooms, Cuyamungue Pueblo 

First Time Period 0/23 

Second Time Period 3/2 3 

Third Time Period 4/23 

Table 9. Facility Types per Total Rooms, Cuyamungue Pueblo 

Storage cists Niches Vessels 

First Time Period 0/3 0/3 0/3 

Second Time Period 0/23 2/23 1/23 

Third Time Period 3/23 0/23 1/23 
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(1956) report. No manos or metates were retained in the 

Cuyamungue collection of the Laboratory of Anthropology. 

Accordingly, the implication can neither be confirmed nor 

disconfirmed. 

Resource Distribution Test Implication. 

Occurrence of Bone Awls: 

The Cuyamungue data are presented in Table 10. "T" 

test results show a significant difference between the mean 

number of cases per room between the First and Third Time 

Periods at greater than .995 level of confidence, but no 

difference either between the First and Second Time Period 

means or the Second and Third Time Period means. However, 

the nature of the proveniences must be considered before 

the statistics themselves can be assessed. Considerable 

skewing is present due to the fact that a total of 22 bone 

awls were found in two First Period kivas, suggesting the 

operation of some cultural formation process or processes 

such as specialized refuse areas. If such processes were 

in fact in operation, it could indicate that unequal access 

to the materials used with awls was already in force during 

the initial occupation, incipient specialization, or both. 

Unfortunately, the 0 value of the Third Time Period standard 

deviation prevents further testing of the variance around 

the means. However, "F" test results show no significant 

difference in such variance between the First and Second 
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Table 10, Bone Awls, Cuyamungue Pueblo 

First Time Period cases 22.0 
11.0 
1.4 
8 . 0  
1.6 
0.9 
5.0 
1.0 
0 . 0  

mean cases per room 
standard deviation 

Second Time Period cases 
mean cases per room 
standard deviation 

Third Time Period cases 
mean cases per room 
standard deviation 

Time Periods, resulting in a negative test of the unequal 

access to resource implication for the bone awl data. Too 

few of the zoological sources of the bone awls were recorded 

(five out of 35 cases) to permit any testing of the 

implication on the sources themselves. 

Occurrence of Other Bone Tools: 

collections of the Laboratory of Anthropology which could be 

assigned to a definite temporally-related provenience. 

These consisted of two worked fragments from the First Time 

Period, two worked fragments from the Second Time Period, 

and one hammer-flaker from the Third Time Period. The 

paucity of these data prevented further testing either in 

regard to tool distribution or the materials of their 

composition. 

Only five other bone tools were preserved in 
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Occurrence of Bone Ornaments: 

These data are summarized in Table 11. Here again 

the "t" test statistic indicates significant differences 

in the mean number of cases per room between both First and 

Second Time Periods and between First and Third Time Periods. 

No significant differences were present between the Second 

and Third Time Period means. This tends to strengthen the 

inference that specialized cultural processes were affecting 

the distribution and discard of bone artifacts during the 

First Time Period. This will be further tested by examina

tion of the relative standardization of dimensions of such 

items among time periods in the chapter on mass production 

(Chapter V). However, "F" test results showed no signifi

cant differences in the distribution of cases around the 

mean among periods, providing another negative test result 

for the implication. 

Table 11. Bone Ornaments, Cuyamungue Pueblo 

First Time Period cases 7.0 
3.5 
0.7 

12.0 
1.5 
0.8 
7.0 
1.9 
0.7 

mean cases per room 
standard deviation 

Second Time Period cases 
mean cases per room 
standard deviation 

Third Time Period cases 
mean cases per room 
standard deviation 
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Hollow bone tubes comprised over 80% of the First 

and Second Time Period bone ornament assemblages, but less 

than 4 0% of the Third Time Period ornaments. These tubes 

were further examined to check the pattern of their dis

tribution; the data are presented in Table 12. In contrast 

to the general bone ornament pattern described above, bone 

tubes neither differed in the mean number of cases per room 

nor in the variance around that mean among periods. How

ever, the variance as expressed in the standard deviation 

is the largest for the First Time Period, suggesting further 

operation of processes discussed above. These ornaments 

will also be examined for relative standardization. Lack 

of documentation on sources of bone for ornaments precluded 

testing for differential distribution of these items among 

temporal periods. 

Table 12. Hollow Bone Tubes, Cuyamungue Pueblo 

First Time Period cases 6.0 
3.0 
1.4 
9.0 
1. 5 
0.8 
3.0 
1. 5 
0.7 

mean cases per room 
standard deviation 

Second Time Period cases 
mean cases per room 
standard deviation 

Third Time Period cases 
mean cases per room 
standard deviation 
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Shell Ornament Occurrences; 

A total of five shell ornaments remained in the 

Cuyamungue collections which could be assigned to any of 

the three periods—one pendant blank and one pendant from 

the Second Time Period, and three pendants from the Third 

Time Period. Although too few to permit further statistical 

treatment, it is of interest that both Second Time Period 

cases came from the same room. Of the Third Time Period 

cases, distribution was slightly more random, two pendants 

being found in one room, and the third in another. Although 

possibly indicating a trend in the direction of uneven 

distribution as predicted by the larger hypothesis, the 

paucity of data prevents either acceptance or rejection of 

the implication for shell ornaments. Wilmeth (1956:166) 

does state that two complete necklaces were found during 

excavations, one of shell disc beads with two larger pink 

shell beads and a Conus pendant, found in a Classic Period 

(Second Time Period) room, the other of Olivella shell, 

Conus, Glycmeris and turquoise, from an early Classic burial, 

which would suggest greater abundance of such items and, 

possibly, greater concentration of them as well; however, 

these could not be found in Laboratory collections. 

Chipped Stone Tool Occurrences; 

None were found remaining in the collections which 

could be assigned to any temporal period. 
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Grinding Tools and Manos Occurrences: 

Only one mano from this site remained in the 

Laboratory collection. 

Hammer and Abrading Stone Occurrences: 

Only nine such artifacts were usable for the 

purposes of analysis, three polishing stones and an awl 

sharpener from the First Time Period and five polishing 

stones from the Second Time Period. All had an occurrence 

of one per room, but the number of occurrences was deemed 

too few to allow further analysis. 

Stone Ornament Occurrence: 

None remained from Cuyamungue in collections. 

Bone Debris and Shell Debris Occurrence: 

None was mentioned in Wilmeth's (1956) report and 

none were found in the collections. 

Pigment/stain Implication. The sole occurrence of 

pigment was nine pieces of yellow ocher from a Third Time 

Period room, suggesting an uneven distribution of pigment. 

Absence of manos and abrading stones prevented testing the 

distribution of items with pigment stains at the pueblo. 

The results of the test implications of the general 

trade model at Cuyamungue Pueblo are presented in Table 13. 

This site had the most uneven retention of collection 

material, as is evident above, and the lowest level of 

reporting, namely an unpublished master's thesis. 
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Table 13. General Trade Model Test Results, Cuyamungue 
Pueblo 

Native name +' 

Demographic hypothesis 
population growth + 
population density r 

Technological innovation 
irrigation r 
agricultural tools 0 
food preparation efficiency 0 

Rescheduling 
tree-cutting 0 
hunting implements 0 

Access minimization 
facilities 
texture 0 
tool distribution 
bone awls 
other bone tools 0 
bone ornaments 
shell ornaments 0 
chipped stone tools 0 
grinding tools 0 
manos 0 
hammer and abrading stones 0 
stone ornaments 0 

materials 
bone debris 0 
bone awls 0 
other bone tools 0 
bone ornaments 0 
shell fragments 0 
shell ornaments 0 
chipped stone tools 0 
grinding tools 0 
manos 0 
hammer and abrading stones 0 
stone ornaments 0 

pigment/stain 0 

Environmental change r 

Q 
+ = positive test; - = negative test; 0 = insuffi

cient data; r = test accepted as positive on regional basis. 
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Accordingly, the three negative tests (facilities, bone 

awls, shell ornaments) must be considered as highly tenta

tive at best, especially in light of the large number of 

/ tests for which the data were simply insufficient or 

altogether absent. 

The third and final site under consideration in 

this study is Arroyo Hondo (LA 12 in the Laboratory of 

Anthropology designation). 

Arroyo Hondo Pueblo 

The site is a large multistory pueblo of about 1200 

rooms located five miles south of Santa Fe, New Mexico (see 

Figure 4). It is situated in an ecologically transitional 

zone of grass land and pinyon-juniper stands at an elevation 

of about 7100 feet above sea level. The ruin is on the 

banks of the intermittently-flowing Arroyo Hondo wash, just 

above a permanent spring in the wash. The site was 

excavated from 1971 to 1974 and has been the subject of 

several preliminary reports (Schwartz 1971, 1972; Schwartz 

and Lang 1973). A series of monographs on the excavations 

are now in progress. The following information is a 

summary of material presented in the 1973 preliminary 

report (Schwartz and Lang 1973:5-10). The site was exca

vated to examine the relationship between demographic 

processes and culture change, with six specific goals 

governing the research: (1) a description of the culture of 
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the site's inhabitants, (2) analys.i s of its ecological base, 

(3) a reconstruction of its culture history, (4) reconstruc

tion of the culture and population history of that portion 

of the northern Rio Grande region, (5) a study of the site 

with a focus on the interaction between demographic changes 

and related cultural changes, and (6) relation of the con

clusions of the Arroyo Hondo research to the larger question 

of the links between demographic and cultural change. 

As related in the history of the Project (Schwartz 

and Lang 1973:10), the site was visited by A. F. Bandelier 

in 1882. Some excavations were conducted by Nels Nelson of 

the American Museum of Natural History in New York but the 

main excavation of the site was performed by the School of 

American Research from 197 0 to 1974. These excavations 

showed that Arroyo Hondo had had two main periods of occupa

tion. The first period was a Coalition Period occupation, 

called Component 1 in School of American Research reports 

and in this study, and began around A.D. 1300, lasting 

until about A.D. 1360. This occupation was one of rapid 

population growth which ultimately resulted in the construc

tion of between 21 and 24 roomblocks of about 1000 rooms 

arranged around ten or eleven plazas, each with its own 

kiva. Sixty-three rooms from this period were ultimately 

excavated. After achieving its maximum growth, the site 

fell into decline and gradual abandonment (Schwartz and Lang 

1973:17). Although the site may have been occupied between 
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components, no evidence for such an occupation was found. 

Component 2, a Classic Period Occupation, began about A.D. 

1370 with final abandonment about A.D. 1425. The total 

number of Component 2 rooms was about 230 and unlike 

Component 1, there was no evidence for multistoried 

dwellings. Eventually ten to thirteen roomblocks were 

built around three or four plazas. Only one kiva from 

Component 2 was found. Fifteen rooms from this period were 

excavated. From evidence presented in the preliminary 

reports and on consultation with Dick Lang (1976, personal 

communication), crew chief and ceramics analyst for Arroyo 

Hondo, the following proveniences were defined as Component 

1: room blocks one through sixteen, eighteen through twenty-

one, and room blocks twenty-three and twenty-four. 

Component 2 proveniences consisted of rooms nine and ten 

of room block seven, rooms six, nine, ten, eleven, twelve 

and thirteen of room block nine, rooms three, four, five 

and six of room block ten, room six of block six, rooms ten 

and fifteen of room block twelve, and Plaza C. The great 

number of rooms and room blocks excavated allowed some 

testing of intra-pueblo differences by room block, 

especially in regard to mass production, testing not 

possible for the other two sites analyzed in this report. 

We can now proceed to evaluate the test implications and 

hypotheses of the trade model for the site of Arroyo Hondo. 
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Native Name 

None. 

Population Growth 

Population estimates for Arroyo Hondo were based 

on Nelson's notes from 1915, excavation, and a variety of 

data on pueblo family size. The average number of persons 

per room was calculated independently from ethnographic and 

archeological data to provide a cross-check of its 

reliability; both yielded a range of three to five persons. 

Using this data, estimates for the Coalition 
Period, 1,706 to 1,754 persons, are based on 
the figures three to five persons per residence 
unit or 1.6 persons per room in a minimum of 
937 rooms and maximum of 1,196 rooms. Estimates 
for the Classic Period, 243 to 405 persons, are 
based on the figure of 1.6 persons per room in a 
minimum of 179 rooms and maximum of 231 rooms 
(Schwartz and Lang 1973:35). 

These estimates were then checked against ecological esti

mates of carrying capacity based on differential use by 

period of mesa top and arroyo farming area, which also 

agreed with the estimates of Coalition Period population of 

1706 to 1754 people, and Classic Period estimates of from 

243 to 405 people, suggesting that population growth during 

Component 1 was considerably higher than during Component 2. 

Population Density 

The period of Component 1 saw a decline in number 

and size of sites in the area covered by Dickson's survey 

transits while Arroyo Hondo showed "dramatic population 
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increase" (Schwartz and Lang 1973:15). The Component 2 

period, or Classic Period, was marked by an increase in the 

number of sites and size of sites. 

Hypotheses of Technological Innovation 

Agricultural Tool Implication. The data for earth 

modification implements such as hoes and picks were analyzed 

under the general heading of chipped stone tools and the 

ratio of such agricultural tools to the general chipped 

stone assemblage are presented in Table 14. "Z" test 

results show the decline in the proportion of agricultural 

tools is significant at greater than .95 level of confidence. 

This provides a positive test of the implication for the 

general hypothesis that some measure of agricultural 

intensification will occur during the period of greatest 

population. 

Table 14. Ratio and Percentage of Agricultural Tools to 
Total Chipped Stone Assemblage, Arroyo Hondo 
Pueblo 

Component 1 
percentage 

Component 2 
percentage 

13/199 
7% 
7/260 
3% 
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Food Preparation Efficiency Implication. To test 

the implication that food waste will be minimized by more 

efficient tools in periods of high population, manos with 

wedge, diamond and triangular cross sections were defined 

as most efficient tools; conversely, manos with a biconvex 

cross section were defined as least efficient. The ratio 

of most to least efficient tools is presented in Table 15. 

The prediction that this ratio will be highest during 

Component 1, the period of peak population, is confirmed 

by "z" test at greater than .998 level of confidence. 

Table 15. Ratio of Most to Least Efficient Manos, Arroyo 
Hondo Pueblo 

Component 1 34/35 
percentage 97% 

Component 2 7/12 
percentage 58% 

Rescheduling Hypothesis 

Tree-cutting Implication. To test the implication 

that the ratio of complete specimens (cut after the growing 

season of the years to which they date) to incomplete ones 

(cut during the growing season) will be greater in Component 

1 than Component 2, the specimens were divided by species 

and selected for those specimens in which either bark was 

present (B in standard dendrochronological terminology), 
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less than a full section was present but the outermost ring 

was continuous around the available circumference and bark 

was present (rB) or in which less than a full section was 

present as with rB but no bark was present (r). Such 

selection was necessary because only specimens meeting 

these criteria could be analyzed in terms of season of 

cutting. The data are presented in Table 16. The results 

of the "z" test indicate that the decline in the ratio of 

complete to incomplete specimens is significant for pinyon 

pine at a confidence level of greater than .95. The same 

change for Ponderosa pine is only weakly significant at a 

confidence level of greater than .90. Although the evidence 

for Douglas and white fir seems to contradict the implica

tion by showing an increase in Component 2, "z" test results 

indicate this is not a significant difference. Accordingly, 

the test implication is accepted as a positive test. At 

Arroyo Hondo, significantly more trees were cut after their 

growing season during periods of high population than in the 

period of low population. Since the growing seasons of 

pinyon and ponderosa pine are from April 1 through August 

(Jeff Dean 1975, personal communication), this suggests 

strongly that attempts were made at Arroyo Hondo to re

schedule tree-cutting activities to seasons other than those 

requiring greatest labor for agricultural production. 
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Table 16. Ratio of Complete to Incomplete Tree-Ring 
Specimens, Arroyo Hondo Pueblo 

Component Per Component Per
Species 1 centage 2 centage 

Pinyon 13/13 100% 12/16 75% 
Ponderosa pine 2/5 40 7/54 13 
Douglas and white fir 2/3 67 4/4 100 

Hunting Implements Implication. Again using pro

jectile points as the most likely artifacts to have been 

used in hunting, the proportion of projectile points to all 

chipped stone tools is presented in Table 17. The differ

ence in ratios is not statistically significant by "z" 

test; however, factors of systemic context and deposition 

must be considered in assessing this implication. Pro

jectile points are more likely to be deposited away from 

habitation areas which would contribute to significant 

skewing of results when data from habitation areas alone are 

considered. In the absence of data on stone workshop areas 

within the site of Arroyo Hondo, the results of the implica

tion must be accepted as negative. Nonetheless, the tree-

ring evidence does confirm the larger rescheduling hypothesis 

from which it was derived. 
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Table 17. Ratio of Hunting Tools to Total Chipped Stone 
Assemblage, Arroyo Hondo Pueblo 

Component 1 31/199 
percentage 16% 

Component 2 37/260 

\ 

percentage 14% 

Access Minimization Hypothesis 

Facility Test Implication. Data from both kivas and 

rooms were analyzed in the testing of this implication at 

Arroyo Hondo. Storage facilities from kivas are summarized 

in Table 18. As predicted there are a greater number of 

storage facilities during the period of peak population, 

Component 1, than in Component 2. Although the presence of 

only one Component 2 kiva does not allow for further testing 

of variance, a decline in storable surpluses under possible 

sacral control is suggested. The facility data from 

habitation rooms presents a more complex picture (Table 19). 

As is readily apparent, there is no difference in mean cases 

per room or variance around the mean for storage facilities 

between periods. However, considerable variance is found in 

the volume of such facilities as evidenced in Table 20. A 

decline in volume is apparent between periods, although this 

decline in mean volume is not significant by "t" test. 

However, the variance around these means is significant at 

greater than .95 level of confidence by "F" test, indicating 
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Table 18. Kiva Storage Facilities, Arroyo Hondo Pueblo 

Component 1 Component 2 

Kivas 4 1 
Olla cists 1 0 
Recessed jars 1 0 
Wall niches 10 0 
Cists 2 0 

Table 19, Habitation Storage Facilities, Arroyo Hondo 
Pueblo 

Component 1 total cases 9. 0 
cases per room 1.1 
standard deviation 0.4 

Component 2 total cases 7.0 
cases per room 1.1 
standard deviation 0.4 

Table 20. Habitation Facility Volume, Arroyo Hondo Pueblo 

Component 1 average volume 0.11 cubic meters 
standard deviation 0.3 
number of cases 9.0 

Component 2 average volume 0.05 
standard deviation 0.1 
number of cases 7.0 
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that the amount of storable goods differed among Component 1 

rooms much more than among Component 2 rooms. The volume 

differentiation of Component 1 facilities and the more 

uniform facility volume of Component 2 rooms lead to the 

acceptance of the implication as a positive test of the 

larger access minimization hypothesis from which it was 

derived. 

Texture Implication. The implication that unequal 

access to prime arable, irrigable land will create an uneven 

distribution of primary food-processing implements was 

further formalized to state that the ratio of rooms with 

more than one coarse mano to the total number of rooms with 

coarse manos would be greater than the ratio of rooms with 

more than one fine-textured mano to the total number of 

rooms with such manos during Component 1 and that the ratios 

would be much closer to each other in Component 2. The mano 

texture data are presented in Table 21. Operation of a "z" 

test on the above data showed that the ratio of rooms with 

more than one coarse-textured mano to the total number of 

rooms with the occurrences of such manos was greater than 

the similar fine mano ratio during Component 1 at a weak 

level of significance (that is, at a level of confidence 

greater than .90 but less than .95). Ethnographic evidence 

indicates salvage of manos and metates from abandoned sites 

by later Pueblo residents in the same area. In view of the 
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Table 21. Coarse and Fine Manos: Ratio of Rooms with More 
than One Case to Total Number of Rooms with Cases 
of Each Texture 

Coarse Fine 

Component 1 ratio 18/29 15/33 
percentage 62% 4 5% 

Component 2 ratio 1/9 0/8 
percentage 11% 0% 

possibility of such salvage of Component 1 manos by the 

Component 2 population, this weak level of significance will 

be accepted as indicating a positive test of the implica

tion, especially considering that the same test shows no 

significant difference between the Component 2 ratios, as 

predicted. 

Resource Distribution Test Implication. 

Bone Awl Occurrence; 

The Arroyo Hondo data are presented in Table 22. 

Application of a "t" test shows no significant difference 

between Component 1 and Component 2 means; similarly, "F" 

test results show no difference in the variance around the 

mean number of cases per room by period. A "z" test can be 

used to test the implication that in periods of high 

population, minimization of access to resources will be 

seen in a smaller number of inhabitants (and by inference, 

their habitation units) having more of a given artifact 
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Table 22. Bone Awls, Arroyo Hondo Pueblo 

Component 1 cases 2 2 8 . 0  

Component 2 cases 

mean cases per room 
standard deviation 

mean cases per room 
standard deviation 

3.2 
2 . 2  

60.0 
4.2 
3.7 

type, category or material. Accordingly, the ratio of rooms 

with more than one occurrence of a given type, category or 

material to the total number of rooms with such occurrences 

should be significantly lower in periods of high population 

than low population. The performance of a "z" test on the 

bone awl data, however, showed no significant difference in 

such a ratio between Component 1 (51/81, or 63%) and 

Component 2 (7/16, or 44%). The apparent absence of any 

difference in distribution by period of bone awls can be 

checked against the distribution of awl faunal source 

material by comparing the distribution of animal bone awls 

to that of bird bone awls. These data are presented in 

Table 23; awls of unknown source were omitted. If the 

general hypothesis is true, these materials should have 

quite different distributions in terms of the variance 

around the mean cases per room during Component 1 but more 

similar distributions during the period of lower population, 

Component 2. "T" test results showed a significant differ

ence in the mean number of avian awls per room when compared 
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Table 23. Awl Materials, Arroyo Hondo Pueblo 

Component 1 Component 2 

Avian awl cases 67. 0 24.0 
mean cases per room 1. 8 1.7 
standard deviation 0. 8 0.9 

Mammal awl cases 157. 0 33.0 
mean cases per room 2.6 2.7 
standard deviation 2.1 2.1 

to mammal awls for Component 1; no such difference occurs 

for Component 2. The variance around the means for 

Component 1 is significant at greater than .99 level of 

confidence, as predicted by the hypothesis. However, this 

variance continues to be significant during Component 2, 

although at a lower level (.95 level of confidence). 

Furthermore, the "z" test shows no significant difference 

in the ratio of rooms with more than one case to total 

number of rooms between mammal and bird bone awls for 

Component 1 (65% and 58%, respectively) and Component 2 

(.70% and 50%) . Accordingly, this is also taken as a nega

tive test of the larger hypothesis. 

Bone Ornament Occurrence; 

At Arroyo Hondo, bone ornaments included whistles, 

bitsitsi whistles, hollow bone tubes, and pendants (Table 

24). Again there was no significant difference either in 

means or variance between the two temporal components. 
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Table 24. Bone Ornaments, Arroyo Hondo Pueblo 

Component 1 cases 111.0 
mean cases per room 2.2 
standard deviation 1,9 

Component 2 cases 37.0 
mean cases per room 2.7 
standard deviation 1.8 

Hollow bone tubes and bitsitsi whistles made up 79% of the 

Component 1 bone ornament assemblage, and 92% of the 

Component 2 bone ornaments. These were also checked for 

differential distribution, with negative results. The 

bone ornament data provide another negative test of the 

larger hypothesis of minimization of access. 

The bone ornament faunal source data are presented 

in Table 25. As with the category of other bone tools, 

there was no significant difference in each period between 

mammal and avian mean cases per room, variance, or ratio of 

rooms with more than one case to the total number of rooms 

with such items. This provides another negative test of 

the hypothesis of access minimization. 

Shell Ornament Occurrence: 

Shell ornaments at Arroyo Hondo included tinklers, 

pendants, Olivella shell beads, and disc beads (Table 26). 

Results of the "t" test show a weak significance in the 

difference between the two period means at greater than .90 

level of confidence. However, "F" test results indicate 
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Table 25. Bone Ornament Materials, Arroyo Hondo Pueblo 

Component 1 Component 2 

Avian bone ornament cases 43. 0 14. 0 
mean cases per room 1. 5 1. 3 
standard deviation 0. 5 0. 5 

Mammal bone ornament cases 7. 0 3. 0 
mean cases per room 1. 2 1. 0 
standard deviation 0. 4 0. 0 

Table 26. Shell Ornaments, Arroyo Hondo Pueblo 

Component 1 cases 57.0 
mean cases per room 2.4 
standard deviation 1.6 

Component 2 cases 14.0 
mean cases per room 1.3 
standard deviation 0.5 
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indicate a highly significant difference in the variance 

around the means between the two periods at greater than 

.95 level of confidence. This supplies a positive test for 

the hypothesis of minimization of access as reflected in the 

uneven distribution of shell ornaments in a time of high 

population (Component) and an even distribution in the 

Component 2 period of lower population. The contrast these 

results provide with the lack of such evidence for bone 

items and materials suggests differential access to scarce 

commodities rather than basic materials needed for immediate 

household maintenance. This tentative suggestion will be 

checked against the artifact and material data from the 

various lithic categories. 

Chipped Stone Tool Occurrence; 

The total chipped stone data are presented in Table 

27. Statistical tests show no significant difference in 

means or variance between periods. However, seven of the 

total of 35 chipped stone tool types, or 20%, account for 

55% of the Component 1 assemblage and 63% of the Component 2 

chipped stone tools, and it was decided to examine these 

tool types more closely. These data are presented in 

Table 28. In analysis of the ratio of rooms with multiple 

occurrence of an item to all rooms with such an item, the 

number of rooms with successive increases of an item were 

examined to determine the point at which the number of rooms 

began dropping off significantly. For five types, the 
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Table 27, Chipped Stone Tools, Arroyo Hondo Pueblo 

Component 1 cases 199.0 

mean cases per room 6.6 

standard deviation 4.2 

Component 2 cases 260.0 

mean cases per room 13.2 

standard deviation 8.8 
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Table 28. Selected Chipped Stone Types Data, Arroyo Hondo 
Pueblo 

Component 1 Component 2 

Projectile point cases 31.0 37.0 
mean cases per room 1.7 2.5 
standard deviation 1.2 1.5 
rooms with more than 3 4/21 4/8 
total number of rooms ' ' 
percentage 19% 50% 

Drill cases 12.0 14.0 
mean cases per room 1.2 2.0 
standard deviation 0.6 1.8 
rooms with more than 1 1/19 o/a 
total number of rooms ' ' 
percentage 8% 50% 

Knife with one edge cases 10.0 36.0 
mean cases per room 1.6 2.1 
standard deviation 0.8 1.8 
rooms with more than 1 fi/24 4/7 
total number of rooms ' ' 
percentage 25% 57% 

Knife with two edge cases 8.0 15.0 
mean cases per room 1.4 2.2 
standard deviation 0.7 0.7 
rooms with more than 1 3 ^ ... 
total number of rooms ' ' 
percentage 33% 83% 

Knife-scraper cases 9,0 10.0 
mean cases per room 1.3 1.6 
standard deviation 0.5 0.5 
rooms with more than 1 2/_ . 
total number of rooms ' ' 
percentage 22% 60% 

Sidescraper cases 16.0 30.0 
mean cases per room 1.6 2.9 
standard deviation 0.7 2.4 
rooms with more than 2 i/i n T/a 
total number of rooms ' ' 
percentage 10% 38% 

Core cases 23.0 22.0 
mean cases per room 1.8 1.8 
standard deviation 1.1 1.0 
rooms with more than 1 
total number of rooms 4/13 3/6 

percentage 31% 50% 
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distinction was between rooms with one case and rooms with 

more than one case; for sidescrapers, the distinction was 

between groups with more than two cases and rooms with less 

than two, and for projectile points, it was rooms with more 

than three and rooms with less than three. 

Analysis of the mean number of cases per room and 

the variance around the means presents a complex. "T" tests 

showed no change in means for projectile points, one edge 

and two edge knives, knife-scrapers, and cores. The drill 

and sidescraper means were significantly greater in 

Component 2 than Component 1 at levels of confidence greater 

than .998 and .95 respectively. Similarly, "F" test results 

showed no change in variance for projectile points, two edge 

knives, knife-scrapers and cores and one edge knives. 

Unlike the prediction from the hypothesis, none of the tool 

types under consideration showed greater variance around the 

mean number of cases per room during Component 1. In fact, 

the only types showing a change in variance were drills and 

sidescrapers, both of which had greater variance in 

Component 2 at greater than .95 level of confidence. The 

failure of all seven types to exhibit greater variance 

during Component 1 as predicted is taken as seven negative 

tests of the hypothesis. However, "z" test results showed 

that four of the seven types had significantly higher ratios 

of rooms with multiple occurrences to all rooms with a given 

artifact—projectile points (confidence level greater than 
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.95), drills (confidence level greater than .998), knives 

with two edges (confidence level greater than .95), and 

sidescrapers (confidence level greater than .95). The 

other three types, cores, knives with one edge, and knife-

scrapers, showed changes in ratio in the direction predicted 

by the hypothesis, although not at a significant level. 

Nonetheless, these positive tests do not counterbalance 

the negative ones discussed above, and the implication is 

accepted as negative for chipped stone tools. 

The data on chipped stone tool materials present 

considerably more evidence for differential access to 

materials as predicted by the larger hypothesis of access 

minimization. The chipped stone materials showed that six 

categories of materials comprised 71% of all tool materials 

in Component 1 and 76% in Component 2, and these were singled 

out for further investigation. The materials data are 

presented in Table 29. Again, the same procedures were 

followed as with the selected tool types to determine the 

point at which the number of rooms with successively 

increasing multiple occurrences began dropping off signifi

cantly. For chalcedony, red and Pedernal chert, the dis

tinction was between rooms with one case and more than one 

case; for gray chert it was between rooms with more than 

two cases and two or fewer cases; for all chert, it was 

between rooms with more than three cases and three or fewer 



166 

Table 29. Selected Chipped 
Hondo Pueblo 

Stone Materials Data, Arroyo 

Component 1 Component 2 

Chalcedony cases 
mean cases per room 
standard deviation 
rooms with more than 1 
total number of rooms 
percentage 

21.0 
1.4 
0.7 

4/15 

27% 

24.0 
2.2 
1.0 

5/6 

83% 

Red chert cases 
mean cases per room 
standard deviation 
rooms with more than 1 
total number of rooms 
percentage 

12. 0 
1.2 
0.4 

2/10 

20% 

25.0 
2.4 
0.5 

8/14 

57% 

Brown chert cases 
mean cases per room 
standard deviation 
rooms with more than 4 
total number of rooms 
percentage 

27.0 
2.3 
1.1 

2/12 

17% 

42.0 
2.8 
1.3 

3/6 

50% 

Gray chert cases 
mean cases per room 
standard deviation 
rooms with more than 2 
total number of rooms 
percentage 

29.0 
1.9 
1.8 

3/15 

20% 

46.0 
3.6 
1.1 

6/8 

75% 

Obsidian cases 
mean cases per room 
standard deviation 
rooms with more than 2 
total number of rooms 
percentage 

27.0 
1.5 
0.6 

1/15 

7% 

37.0 
2.3 
1.2 

3/6 

50% 

Pedernal chert cases 
mean cases per room 
standard deviation 
rooms with more than 1 
total number of rooms 
percentage 

27.0 
1.7 
0.8 

8/16 

50% 

24. 0 
2.2 
0.8 

5/6 

83% 

All chert 
rooms with more than 3 
total number of rooms 
percentage 

15/59 

25% 

22/45 

49% 
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cases; and for brown chert, the distinction was between 

rooms with more than four cases and four or fewer cases. 

Apparent discrepancies between the total number of cases and 

mean number of cases per room are caused by the inclusion of 

Plaza C (Component 2) materials in total count and their 

omission from room-based figures. 

Statistical examination showed no change in the mean 

number of cases per room for chalcedony, red, brown, gray 

and Pedernal chert; the number of cases of red chert per 

room were significantly greater during Component 2 at 

greater than .975 level of confidence. In contrast to the 

predictions of the hypothesis, none of the materials showed 

greater variance around the mean during Component 1. The 

variance was significantly greater for obsidian during 

Component 2 at greater than .95 level of confidence; the 

other types showed no significant change in variance. 

However, results of the "z" test showed that the ratio of 

rooms with multiple cases to the number of rooms with at 

least one case was significantly smaller during Component 1 

than Component 2 as predicted. For brown and Pedernal 

chert, it is a weak significance, occurring only at the .90 

level of confidence; for the other types, the ratios 

differed at strong levels--.95 for red chert and obsidian, 

and .99 for chalcedony, gray chert and all chert. 

The difference between the materials and types 

distributions suggests strongly that access to raw materials 
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was being minimized during the Component 1 period of peak 

population growth, with unhindered access to the tools 

themselves. Basic lithic resources were probably being 

controlled by distinct groups or population subunits at 

this time, with individual household units then free to 

utilize the resources as needed for household maintenance 

and sustenance. At the same time, no restrictions were 

evident for bone tools or materials, a conclusion that will 

be checked later for the bone debris data from Arroyo Hondo 

Pueblo. 

Grinding Stone Occurrence; 

Grinding stones at Arroyo Hondo Pueblo included 

palettes, palette-hammers, palette-grinding stones, palette-

manos, griddles, metate blanks, and slab metates. The 

general grinding stone data are presented in Table 30. 

Here there is no significant difference in mean cases per 

room by "t" test between periods but the variance during 

Component 1 is significantly higher (greater than .95 level 

of confidence) than the Component 2 variance, as predicted. 

This not only provides another positive test but reinforces 

the texture implication of the access minimization hypothesis 

by showing highly varying distribution of grinding tools, 

which presumably aided in food preparation for human con

sumption, during the period of peak population. 

Although three materials, sandstone, granite, and 

gneiss, accounted for 80% of Component 1 grinding tools and 
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Table 30. Grinding Stone Tools, Arroyo Hondo Pueblo 

Component 1 cases 68.0 
mean cases per room 2.6 
standard deviation 2.6 

Component 2 cases 24,0 
mean cases per room 1.8 
standard deviation 0.8 

67% of Component 2 tools, only 38% of Component 2 tools were 

identified by material, or only 9 of the total of 24 such 

tools. This contrasts greatly with the 94% identification 

of all Component 1 grinding tools by material, and rendered 

tests of materials distribution impossible for this tool 

category. 

Mano Occurrence: 

Included in the mano category were two-hand manos, 

pestles, blanks, and one-hand mano/hammers. However, the 

two-hand type accounted for 87% of all Component 1 manos, 

and 74% of all Component 2 manos, so it was decided to 

focus more closely on the distribution of this one type 

(Table 31). Statistical examination showed both a signifi

cant difference in the two period means (greater than .99 

level of confidence) and in the variance around the means 

(.99 level). The highly skewed Component 1 distribution 

provides another positive test for the access minimization 

hypothesis and also provides further support for the texture 

implication by showing significantly higher mean for 
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Table 31. Two Hand Manos, Arroyo Hondo Pueblo 

Component 1 cases 185.0 
mean cases per room 7.0 
standard deviation 5.9 

Component 2 cases 39.0 
mean cases per room 1.8 
standard deviation 0.3 

Component 1, indicating greater reliance on plant foods, 

probably domesticates, at that time. An increase in 

utilization of wild plant foods during Component 2 times is 

suggested by the proportional increase in pestles in the 

total mano assemblage from 1% in Component 1 (3/213 total 

specimens) to 6% in Component 2 (3/53 total cases), further 

supporting the rescheduling hypothesis. 

As with the grinding stones, sandstone, granite and 

gneiss accounted for the majority of mano materials, 73% 

of all Component 1 manos and 63% of all Component 2 manos. 

For the mano category, however, 99% of all Component 1 and 

96% of all Component 2 manos were identified by source, 

permitting further statistical examination of distribution 

of mano materials (Table 32). For mano materials, sandstone 

variance could not be tested due to the 0 value of the 

standard deviation. Gneiss variance was not significant, 

and neither was the difference in mean number of cases for 

either sandstone or gneiss. In contrast the granite means 

differed at greater than .95 level of confidence, and the 
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Table 32. Selected Mano Materials Data, Arroyo Hondo Pueblo 

Component 1 Component 2 

Sandstone cases 
mean cases per room 
standard deviation 
rooms with more than 1 
total number of rooms 
percentage 

Granite cases 
mean cases per room 
standard deviation 
rooms with more than 1 
total number of rooms 
percentage 

Gneiss cases 
mean cases per room 
standard deviation 
rooms with more than 1 
total number of rooms 
percentage 

Component 1 variance was greater than that of Component 2 at 

the .99 level, providing a positive test for the implication 

of uneven distribution derived from the minimization of 

access hypothesis. Testing the room ratios with the "z" 

test showed no significant change in the gneiss ratio but a 

change at greater than .95 level of confidence for both 

sandstone and granite. These results contradict the impli

cation that such ratios would be higher in Component 2 and 

probably reflect the lesser role of agricultural tools and 

greater reliance on wild foods discussed above, providing a 

negative test of the implication. 

38.0 
2.1 
1.5 

11/18 

61% 

98.0 
4.3 
1.7 

18/23 

78% 

18.0 
3.3 
1.0 

6/8 

75% 

7.0 
1 . 0  
0 . 0  

0/2 

0% 

19.0 
1.7 
1.1 

3/7 

43% 

6 . 0  
1.3 
0 . 6  

1/3 

33% 
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Hammer and Abrading Stone Occurrence; 

Included in this category at Arroyo Hondo were 

abraders, polishing stones, awl sharpeners and hammerstones 

and anvils (Table 33). Although the means are not signifi

cantly different by "t" test, the variance around the means 

is significant at greater than .99 level of confidence, 

providing another positive test of the implication. Most of 

the variance is from the category of hammerstone, which 

accounts for 63% of Component 1 hammer and abrading stones 

and 48% of the Component 2 assemblage. 

Table 33. Hammer and Abrading Stones, Arroyo Hondo Pueblo 

Component 1 cases 96.0 
mean cases per room 4.0 
standard deviation 3.6 

Component 2 cases 46.0 
mean cases per room 2.7 
standard deviation 1.3 

Of sixteen materials from which these tools were 

made, six accounted for 83% of all Component 1 tools and 

88% of Component 2. These six—quartz, quartzite, sand

stone, granite, and andesite were then further analyzed for 

variance and distribution (Table 3 4). None of these 

materials show differences in means or ratios and only 

granite and andesite show significant change in variance 

around the mean. Although quartz and sandstone show greater 
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Table 34. Selected Hammer and Abrading Stone Materials, 
Arroyo Hondo Pueblo 

Component 1 Component 2 

Quartz cases 
mean cases per room 
standard deviation 
rooms with more than 1 
total number of rooms 
percentage 

Quartzite cases 
mean cases per room 
standard deviation 
rooms with more than 1 
total number of rooms 
percentage 

Sandstone cases 
mean cases per room 
standard deviation 
rooms with more than 1 
total number of rooms 
percentage 

Granite cases 
mean cases per room 
standard deviation 
rooms with more than 1 
total number of rooms 
percentage 

Andesite cases 
mean cases per room 
standard deviation 
rooms with more than 1 
total number of rooms 
percentage 

49.0 
2.1 
1.9 

14/23 

61% 

12.0 
1.5 
0.7 

4/10 

40% 

5.0 
1.3 
0.5 

1/4 

25% 

9.0 
1.3 
0.8 

1/7 

14% 

12.0 
1.2 
0.4 

2/10 

20% 

10.0 
1.3 
0 . 6  

1/3 

33% 

0 . 0  

5.0 
1.0 
0 . 0  

0/5 

0% 

8 . 0  
2 . 0  
2 . 0  

1/4 

25% 

11.0 
1.8 
1.3 

2/6 

33% 
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variance during Component 1, the amount of variance is not 

significant; granite and andesite show significantly greater 

variance during Component 2 in opposition to the direction 

predicted by the hypothesis. Thus the hammer and abrading 

stone materials data provide a negative test of the hypoth

esis of minimization of access. 

Stone Ornament Occurrence; 

Stone ornaments found at Arroyo Hondo in temporally-

placed proveniences comprised disc beads, bead blanks, 

pendants, pendant blanks, mica ornaments, mica fragments, 

and mica flakes. The latter were counted as one case per 

room, regardless of number, in order to compensate for the 

fragility of mica which would lead to heavy flaking in both 

systemic and archeological contexts (Table 35). There was 

no significant difference in the means between components 

by "t" test. The 0 value of the Component 2 standard 

deviation prevented testing of the variance around the means 

although it is interesting to note that, as predicted, 

Component 1 does appear to have the greater variance. 

Nonetheless, in the absence of statistical support for this 

trend, the implication can neither be accepted nor rejected. 

Other than mica ornaments, fragments and flakes, none of the 

other types accounted for more than 13% of the total stone 

ornament assemblage in either period, precluding testing of 

individual type distribution. 
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Table 35. Stone Ornaments, Arroyo Hondo Pueblo 

Component 1 cases 24.0 
mean cases per room 2.1 
standard deviation 2.5 

Component 2 cases 20.0 
mean cases per room 1.0 
standard deviation 0.0 

Turquoise and mica accounted for 80% of both 

component ornament materials, and are summarized in Table 

36. The turquoise data were too scanty to allow meaningful 

statistical testing. The "t" test showed no difference in 

mean cases of mica per room, and the 0 standard deviation 

value for Component 2 prohibited application of the "F" 

test. Again, however, it is interesting that the Component 

1 standard deviation is so high, as predicted, but as before 

the implication can neither be accepted nor rejected for 

stone ornament materials in the absence of statistical 

support. 

Bone Debris Occurrence; 

During excavations, a total of 145 pieces of bone 

debris were found, fragments of mammal or avian bone or 

antler, and these data are presented in Table 37. "T" test 

showed no significant difference between the means and 

tests also indicated no significant change in variance 

around the means between components. However, it can be 

predicted from the model that fewer Component 1 rooms will 
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Table 36. Selected Stone Ornament Materials Data, Arroyo 
Hondo Pueblo 

Turquoise cases 
mean cases per room 
standard deviation 
rooms with more than 1 

Component 1 Component 2 

3.0 1.0 
1.0 1.0 
0 . 0  0 . 0  

0/1 

0% 

15.0 
1.0 
0 . 0  

0/1 

0% 

total number of rooms ' 
percentage 0% 

Mica cases 17.0 
mean cases per room 3.4 
standard deviation 3.6 
rooms with more than 1 ~ 
total number of rooms ' 
percentage 4 0% 

Table 37, Bone Debris, Arroyo Hondo Pueblo 

Component 1 cases 118.0 
mean cases per room 2.3 
standard deviation 1.7 

Component 2 cases 27.0 
mean cases per room 2.1 
standard deviation 1.4 
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have more of the bone debris, if access is in fact being 

restricted, than is the case with Component 2 rooms. 

Employment of the "z" test to test this prediction showed 

that the ratio of rooms with three or more occurrences to 

the number of all rooms with such debris was significantly 

greater during Component 2 (5 of 8 rooms, or 63%) than 

Component 1 (15 of 51 rooms, or 29%) at a .95 confidence 

level, providing a positive test of the implication. 

Further breakdown by faunal source showed that only mammal 

deb ris showed this pattern; neither avian nor antler debris 

showed any change in this ratio. Mammal debris constituted 

61% of Component 1 cases and 67% of Component 2 cases, and 

the contrast with the other faunal sources suggests that 

provision of animals for household use may have been the 

responsibility of subunits of the Arroyo Hondo population. 

However, in the absence of information about butchering 

evidence, this must remain only surmise. 

Shell Fragments: 

A total of ten shell fragments were found at Arroyo 

Hondo which could be assigned to temporally-related 

proveniences, six from Component 1 and four from Component 

2. Of the latter, three came from Plaza C, preventing 

further tests based on room counts. 

Pigment/Stain Implication. This implication can be 

further formalized to state that restricted access to 
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pigments and open access to their use will occur in the 

period of peak population. A period of lower population, 

in contrast, will be characterized by open access to both 

pigments and their use. Accordingly, the ratio of rooms 

with more than one case of pigment to the total number of 

rooms with pigment will be significantly lower than the 

ratio of rooms with more than one case of pigment stain to 

the total number of rooms with such stained items during 

Component 1 (high population). In Component 2 times (low 

population), there should be no difference between ratios. 

Items with pigment stains came from the tool categories of 

grinding stones, manos, and hammer and abrading stones. 

During both periods, the ratio of such artifacts with 

pigment stains to the total number of artifacts remained 

constant at 22% (86/383 grinding stones, manos and hammer 

and abrading stones in Component 1, 24/108 in Component 2). 

The ratio data are presented in Table 38. Application of 

the "z" test for ratios shows that the difference between 

the Component 1 pigment and stain ratios is significant at 

greater than ,99 level of confidence. The same test shows 

no significant difference between the Component 2 ratios, 

thus providing a positive test of the pigment/stain implica

tion of the minimization of access hypothesis. 

The results of the test implications of the general 

trade model at Arroyo Hondo Pueblo are summarized in 

Table 39. Although the site lacks a native name, the basic 
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Table 38. Pigment/Stain Ratios, Arroyo Hondo Pueblo 

Component 1 Component 2 

Pigment: 

rooms with more than 1 
total number of rooms 

percentage 

Stain: 

rooms with more than 1 
total number of rooms 

percentage 

1/9 

11% 

19/36 

53% 

0/2 

0% 

2/6 

33% 
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Table 39. General Trade Model Test Results, Arroyo Hondo 
Pueblo 

Native name 

Demographic hypothesis 
population growth + 
population density r 

Technological innovation 
irrigation r 
agricultural tools + 
food preparation efficiency + 

Rescheduling 
tree-cutting + 
hunting implements 

Access minimization 
facilities + 
texture + 
tool distribution 
bone awls 
other bone tools 
bone ornaments -
shell ornaments + 
chipped stone tools -
grinding tools + 
manos + 
hammer and abrading stones + 
stone ornaments 0 

materials 
bone debris + 
bone awls <-
other bone tools 
bone ornaments -
shell fragments 0 
shell ornaments 0 
chipped stone tools + 
grinding tools 0 
manos 
hammer and abrading stones 
stone ornaments 0 

pigment/stain + 

Environmental change r 

a 
+ = positive test; - = negative test; 0 = insuf

ficient data; r = test accepted as positive on regional 
basis. 
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demographic and technological hypotheses have been satis

fied. Rescheduling did occur as predicted, although not 

as reflected in hunting implements. That the latter may 

be an invalid test result is suggested by the increase in 

bone tools in Component 2 and the lack of restricted access 

to bone tools and materials in Component 1, indicating a 

possible lesser importance for the activities in which they 

were utilized. The one positive test of bone materials, 

that of bone debris, may mean restricted access to meat 

protein during Component 1, although this cannot be further 

substantiated without further evidence that the bone debris 

resulted from butchering rather than implement manufacture. 

A general pattern of differential access to food products 

is seen in Component 1, not only in the putative bone debris 

data, but by the positive tests of manos and grinding tools, 

and rough-textured manos as well. In this connection, it 

is significant that the use of more efficient tools to 

minimize food waste characterized high population 

Component 1. 

The contrast between chipped stone tools distribu

tion and the materials of which they were made presents an 

indication that such materials had restricted access and 

were distributed possibly in raw or partially worked form 

to the households for further manufacture. Such restircted 

access did not characterize materials of which bulkier tools 

were manufactured, such as sandstone and granite for manos, 
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hammer and abrading stones, and, possibly, grinding tools as 

well, suggesting an emphasis on the control of more readily 

portable necessary lithic resources. A similar emphasis on 

portability is suggested by the restricted distribution of 

shell ornaments; unfortunately the stone ornaments data 

were too scanty to permit valid statistical testing of this 

suggestion. In sum, the results of the test implications 

show that the general trade model was in fact in operation 

during the period of peak population at Arroyo Hondo, with 

demographic change, technological innovation, and re

scheduling of non-agricultural activities in force. 

Minimization of access to resources is also indicated. 

However, comparison of results for all three sites suggests 

considerable differences in resources whose access was being 

restricted, as discussed in the following general evaluation 

of the model. 

General Evaluation of the Trade Model 

A summary of the test results for all three pueblo 

sites is presented in Table 40. Consideration of the 

results from the three sites of Pindi, Cuyamungue and Arroyo 

Hondo shows that only one was self-perceived as distinct as 

evidenced in existence of a native name for the site. 

However, all three show population growth and technological 

innovation, although the latter must be accepted for 

Cuyamungue only on the basis of regional studies and 
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Table 40. General Trade Model Evaluation 

Pindi Cuyamungue 
Arroyo 
Hondo 

Native name _a + -

Demographic hypothesis 
population growth + + + 
population density r r r 

Technological innovation 
irrigation r r r 
agricultural tools + 0 + 
food preparation efficiency 0 0 + 

Rescheduling 
tree-cutting + 0 + 
hunting implements 0 0 -

Access minimization 
facilities + - + 
texture 0 0 + 
tool distribution 
bone awls + - -

other bone tools 0 0 -

bone ornaments + - -

shell ornaments 0 0 + 
chipped stone tools 0 0 -

grinding tools 0 0 + 
manos 0 0 + 
hammer and abrading stones 0 0 + 
stone ornaments + 0 0 

materials 
bone debris 0 0 + 
bone awls 0 0 -

other bone tools 0 0 -

bone ornaments 0 0 -

shell fragments 0 0 0 
shell ornaments 0 0 0 
chipped stone tools 0 0 + 
grinding tools 0 0 0 
manos 0 0 -

hammer and abrading stones 0 0 -

stone ornaments 0 0 0 
pigment/stain 0 0 + 

Environmental change r r r 

a+ = positive test; - = negative test; 0 = insuffi
cient data; r = test accepted as positive on regional basis. 



Wilmeth's (1956) report. Cuyamungue also lacked tree-ring 

specimens to check the concept of rescheduling, but both of 

the other sites exhibited this phenomenon. The more 

complete nature of the Arroyo Hondo has indicated that 

hunting activities may have become more important during 

the period of lower population, following a period of 

restricted access to basic animal and plant resources as 

shown in differential distribution of facilities, rough 

texture manos and grinding tools. A similar pattern is 

apparent for Pindi, given the greater scantiness of the 

data from that site. Only Cuyamungue showed no evidence 

of such restriction of access but this lack of evidence 

must be considered as very tentative in nature given the 

highly uneven character of the written material and reten

tion of artifacts in the collections of the Laboratory of 

Anthropology of the Museum of New Mexico. Materials dis

tribution was marred by the absence of data from two 

sites, preventing further discussion. An interesting 

phenomenon does appear when distribution of the tools 

themselves is considered. Arroyo Hondo was marked by an 

uneven distribution of plant food preparation tools during 

the period of high population, a distribution impossible to 

check for Pindi and Cuyamungue. The increase in bone items 

suggests that hunting becomes more important as evidence of 

agricultural intensification and related processes declines. 
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Further examination of the tools distribution brings 

to light a suggestion of differential site specialization. 

Cuyamungue and Arroyo Hondo were characterized by an even 

distribution of bone items and materials during their 

periods of maximum population growth; at the same time, it 

is just such tools which show evidence of restricted access 

and uneven distribution during the maximum population period 

of Pindi, In contrast, Arroyo Hondo shows uneven distribu

tion of grinding tools, perhaps related directly to control 

of food resources, and of chipped stone tool materials. 

This suggests that bone awls, ornaments, and perhaps other 

bone tools were more important to the economic life of the 

pueblo than at other sites, perhaps due to a specialization 

at a village level in production of items with these tools, 

such as basketmaking (as is known for historic Jemez 

pueblo) or weaving (as is known for modern Hopi villages). 

Faced with pressure from population, Arroyo Hondo may have 

resorted to other specializations, as shown in the uneven 

distribution of hammer and abrading stones. The decision 

of villages or village subunits to specialize in production 

of items on other than a strictly ecological basis is known 

for other groups (e.g., Harding for New Guinea) and results 

in a more stable regional system by diversifying the number 

and variety of energy sources flowing through that system. 

Differential specialization also maximizes the number of 

ties, both economic and other, among the components of the 
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regional system. Such indeed appears to have been the case 

in the northern Rio Grande area of New Mexico. 



CHAPTER V 

STANDARDIZATION AND COST REDUCTION 

As groups become increasingly tied to a small number 

of fixed locales due to intensification of agricultural 

methods, they become more vulnerable to local climatic 

fluctuations, and thus more unstable in terms of their 

adaptation. System stability can be promoted by increasing 

the number of avenues by which energy flows through the 

system, since the energy circulating through it has a 

variety of paths to choose without structural breakdown. 

Such stability furthers the survival of the system in the 

face of change, whether environmental or demographic. 

Attempts to increase trade are one means to broaden the 

variety of energy inputs into the system and carry with 

them the implicit requirement of increased standardization. 

This standardization, predicted both by human ecologists 

(e.g., Wagner 1960:236-237) and human geographers 

(Woldenberg 1969) is a function of the increasing participa

tion of groups in a system of interaction and serves to 

facilitate exchange among them. Increasing participation 

manifests itself both in terms of the frequency and volume 

of surpluses represented as well as in the number and 

variety of goods and participating groups. 

187 
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Standardization is often achieved as a result of 

mass production techniques employed either by villages, as 

may have been the case with Rio Grande glaze ceramics 

(Warren 1969) or by village subunits. Such technical 

changes serve to increase the spatial range in which the 

goods are offered by reducing the cost to the consumer by 

lowering production costs as the manufacturing process is 

simplified and broken down into steps which require less 

individual skill. Another method of lowering overall costs 

is to locate sites so as to lower transportation costs. 

This was doubtless important in the Southwest where rivers 

were often not dependable enough to be used for transporta

tion, necessitating the transport of goods by human 

carriers. Such carriers were noted by early Spanish 

explorers, who described "crates" of goods transported by 

human carriers with the use of tumplines (Hammond and Rey 

1940:28, 44). 

Walter Christaller (1966), the seminal theoretician 

of central place theory and locational analysis, has out

lined a progression triggered by technical progress such as 

standardization. In his schema, such a technical develop

ment led to greater consumption due to lower costs of goods 

to consumers. This in turn had ramifications in the con

tinued development of what is called the central place, 

defined as the localization of the functions of a center of 

a region at a geometrical location (Christaller 1966:17). 
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Increased consumption in turn creates a greater and more 

advantageous centralization of the production or offering 

of goods previously produced dispersedly at many locations. 

The effect of offering several goods at one location is to 

again lower costs by lowering the transport cost of all 

goods, since several items can now be acquired in one town 

or central place (Woldenberg 1969). Accordingly, not only 

does the amount of a central good of the same kind increase 

but also the number of types, which means an increased 

preference for the town and further growth of the central 

places. The central place is supported not only by trade 

but by social and religious functions as well, all of which 

create a greater influx of people (and potential customers) 

into the town (Harris and Ullman 1945), as seen in the 

relationship among regular markets, religious festivals and 

elaborate religious architecture in medieval Europe, a 

relationship which has been postulated for prehistoric 

centers such as Teotihuacan as well (Millon 1967). The 

continued operation of such processes ultimately results 

in a shift in the distribution of the population with a 

greater density at the central place and a corresponding 

decline at dispersed places. As the food producing popula

tion experiences longer stretches of free time between 

agricultural activities like planting and harvesting, with 

some of the people possibly even being excluded from direct 

access to productive land, as has already been demonstrated, 
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the central places of the lowest order require fewer people 

to serve the area. Then as the attraction of the more 

populous higher-order centers increases and the relative 

cost of transportation decreases, the lowest-order centers 

will be eroded and perhaps even disappear (Beckmann 1968). 

This in turn causes an additional increase in the develop

ment of the central place, a process analogous to what 

Jacobs (1969;30) has called the development of a "creative 

economy," one which continually adds new kinds of work into 

the local economy. Her view of a creative economy closely 

parallels the series of changes outlined by Christaller 

(1966), as she notes that the greater the absolute numbers 

and varieties of divisions of labor already achieved in an 

economy, equivalent to Christaller's central goods and 

services, the greater the inherent capacity of that economy 

for adding still more goods and services (Jacobs 1969:59). 

To summarize, the large centers will be functionally more 

complex than smaller ones. With this increasing complexity 

will occur an increase in the size of the complementary 

region, the region served by the central place. The 

change in the size of the region occurs because, in an 

indirect sense, transport inputs, defined as the movement 

of a unit of weight over a unit of distance (after Isard 

1956:6), correspond to the exertions of effort and other 

services needed to overcome resistance encountered in 

movement of items through space where friction is 
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encountered. The application of standardization and mass 

production techniques results in the creation of an economy 

of scale (Beckmann 1968:79); the greater the economy of 

scale, the greater the reduction in effort of transporta

tion, or transportation inputs, resulting in lower final 

cost to the ultimate consumer, adding more consumers within 

the immediate region. At the same time, the lower transport 

inputs also mean that the item can be offered over a wider 

region, adding still more potential consumers to the economy 

of the central place. 

From the general processes discussed above, several 

hypotheses can be abstracted. These hypotheses can then be 

tested against the data from the sites of Pindi, Cuyamungue, 

and Arroyo Hondo through the use of test implications 

derived from said hypotheses by a process of logical 

deduction. 

Standardization Hypothesis 

The co-occurrence of population localization and 

measures of agricultural intensification for the sites under 

study has already been demonstrated. It will be during this 

period of peak population pressure that groups will attempt 

to maximize the number and diversity of energy inputs into 

local systems through time. As discussed above, one con

comitant of this increase in interaction among groups will 

be a rise in the standardization of items both as a result 
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of mass production and in order to facilitate such exchange. 

This standardization can be measured in terms of physical 

dimensions and the diversity of stylistic attributes. The 

former can be checked by computation of mean width and 

length of members of an artifact class and then testing the 

variance in terms of the range of lengths and widths around 

those means by use of the "F" test. The latter can be 

tested by use of an SPSS CROSSTABS program to sort attri

butes by site and time period. The row percentages are then 

used as the basis for the computation of a coefficient of 

diversity "A," originally used as a measure of linguistic 

diversity (Greenberg 1956). The formula for "A" is 

s 
A = 1 - Z p. 

i=l 

where p^ is the row frequency of a given attribute i. This 

formula is related to the Shannon formula of dispersion 

widely used in ecology (e.g., Hutcheson 1970). The 

statistic has the advantage of varying directly with 

diversity so that a decrease in the value of "A" reflects 

an increase in homogeneity. In addition, the statistic is 

easy to compute. The principal drawback in its use is that 

tests for comparing the significance of different diversities 

are just now being developed. Those which have been devised 

so far require the construction of complex computer programs 

(see Hutcheson 1970, for one such test). Nonetheless, 
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consultation with University of Arizona statisticians and 

previous research with the statistic indicate that a change 

in the "A" value of .02 can be interpreted as significant 

(Bronitsky 1975). Accordingly, for artifact assemblages 

under study, the value of "A" should be lower during peak 

population periods for all three sites. 

Use of the "A" statistic required construction of an 

attribute matrix. As discussed by Gaines (1970), any 

classification of attributes must allow for the attributes 

to be continually subdivided into distinctive but not 

mutually exclusive characteristics. Further, the charac

teristics of the attributes must allow exhaustive descrip

tion of any item. The form of the matrix was one used by 

Sokal and Sneath (1963) where data are arranged in the 

frame of an n x t matrix whose t columns represent t 

fundamental entities to be grouped on the basis of 

resemblances and whose n rows are n unit characters. A 

character is anything which can be considered a variable 

independent of any other thing being considered at the same 

time. In this study, projectile points and drills consti

tuted the largest component of the chipped stone tool 

assemblage at all sites. In addition, certain drills are 

considered strong indicators of contacts with the Plains, 

so it was decided to treat projectile points and drills as 

attributes of the larger assemblage. Character then refers 

to features such as basal notch or base shape, rather than 
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any subdivisions of these. The subdivisions of a character 

are its values. There must be at least two values per 

character, presence and absence, although many more values 

are possible. Selection of characters and values for 

analysis was determined by their ease of examination by one 

person without great expense or technical knowledge. 

Ultimately, five variables were chosen, as presented in 

Table 41. The value of 0 was used for items so fragmentary 

the nature of the value could not be determined. Such 

fragments were not included either in calculation of "A" 

or mean dimensions but were used in overall counts and 

ratios. "Does not apply" refers to items other than drills 

and projectile points, for which such information was not 

relevant, and the value "constriction or flange" for corner 

notches was designed to apply solely to drills with T-shape 

bases. 

Examination of several variables was considered 

essential in this analysis when only a relatively small 

number of items are being studied in relation to the total 

chipped stone tool artifact assemblage. Such a procedure 

minimizes the likelihood of conclusions being reached on 

the basis of changes in one or a few variables. Such a 

change in a limited number of variables can often be due to 

the operations of chance in a small sample, "A" was calcu

lated on the diversity matrix only for chipped stone tool 

projectile points and drills, but was used in assessing 
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Table 41. Projectile Point and Drill Diversity Matrix 
Characters and Values 

Character Value 

Basal notch 

Base stem 

0 fragment 
1 present 
2 absent 
3 does not apply 

0 fragment 
1 expanding 
2 straight (parallel-sided) 
3 pinched 
4 does not apply 
5 leaf shape 
6 none 
7 not given 
8 flake 

Base shape 0 fragment 
1 concave 
2 convex 
3 other 
4 does not apply 
5 straight 
6 leaf-shape 
7 pinched 
8 not given 
9 flake 

Corner notches 0 fragment 
1 present 
2 absent 
3 does not apply 
4 one 
5 constriction or flange 
6 not given 
7 flake 

Side notches 0 fragment 
1 present 
2 absent 
3 does not apply 
4 one 
5 not given 
6 flake 



196 

relative shifts in total assemblages for the three major 

artifact categories examined in this section on standardiza

tion and mass production, namely bone awls, other bone tools 

and chipped stone tools. These major categories also served 

as the basis for examining standardization of items around 

means. 

Central Goods Hypothesis 

Each of the three sites under study shows indica

tions of population growth during periods when many smaller 

sites were abandoned, as discussed in Chapter IV, which 

suggests they were acting as central places. If they were 

in fact serving as central places for their regions during 

their periods of peak population, several material culture 

correlates, or test implications, can be deduced. The 

first of these is again a diversity implication: periods 

of high population should exhibit a greater diversity of 

materials and implements for the three tool categories under 

study than periods of lower population. Such diversity will 

also be tested by use of the "A" statistic. Along with this 

diversity, operation of an economy of scale should bring in 

sufficient goods into the local economy to result in 

significantly fewer reworked tools and multi-purpose tools 

during high population periods, the reworking and multi

purpose implications. Such sufficiency should also manifest 

itself in greater material abundance—implements should be 
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significantly larger during high population periods, the 

size implication. Another measure of abundance will be 

reflected in the ratio of core nuclei to cores. Core 

nuclei are cores which have been worked to the point where 

they can no longer produce flakes of usable size and 

indicate maximum utilization of the lithic resource repre

sented by the core by consumers. Accordingly, the 

hypothesized role of the site as a central place suggests 

that the ratio of exhausted core nuclei to cores will be 

lowest during the period of peak population, the core 

nuclei/core implication, although by the standardization 

hypothesis their sizes should be more uniform during the 

same period than in the period of lower populations. 

Finally, evidence of foreign contacts should be at a 

maximum during the period of greatest population density 

as the local group maximizes its complementary region. In 

the absence of detailed petrographic analysis, evidence of 

such nonlocal links must be limited to generally recog

nizable materials such as Alibates flint, from a quarry in 

north central Texas, and Pedernal chert, from a source in 

northwestern New Mexico near the Chama River, and implements 

of nonlocal manufacture. For the Pueblo IV period under 

consideration here, such nonlocal items came almost 

entirely from the Great Plains to the east. The large 

population centers of Pueblo II and III such as Mesa Verde, 

Chaco Canyon, and the Kayenta region were largely abandoned 
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by this time, and Pueblo IV is characterized by a shift in 

trade networks from the old, now-empty western centers to 

the Plains, especially Texas, a change which first received 

major attention with the excavations at Pecos Pueblo on the 

edge of the Plains (Kidder 1924, reprinted 1962) (cf. 

Wendorf and Reed 1955, Wilmeth 1956, Haury 1962, Wedel 

1959, and Ford et al. 1972, for a range of discussions of 

this shift). In addition to Alibates flint, evidence of 

possible Plains contact consists of a variety of specialized 

tools and implements, including bone beamers and end 

scrapers (Wilmeth 1956:205), and stone snub-nose and side 

scrapers, four-edge knives, flint drills with unworked or 

"T"-shaped bases, sandstone shaft smoothers with longi

tudinal grooves, eyed bone needles, rib shaft wrenches, 

antler rubbing tools, cylindrical beads, and elbow pipes 

(after Krieger 1946:62). Such materials and tools will 

provide the basis for testing the non-local goods implica

tion of the larger hypothesis. 

Religious Center Hypothesis 

To the extent that these sites were acting as 

central places, the role of social and religious functions 

in attracting potential customers into the center will be 

reflected in an increase in the size of religious structures 

as both the local population and the complementary region of 

the site increase. For the Rio Grande pueblos, this may 
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have taken the form, first, of larger kivas, structures 

which have served in the past and still function as the 

assembly area for large groups (cf. Ellis 1952, 1964 for a 

discussion of the role of the kiva at Jemez Pueblo, and 

Hawley 1950 for a more general analysis of Rio Grande 

pueblo kivas). This contrasts greatly with the pattern of 

western Pueblos such as the Hopi villages where kivas 

generally serve as meeting places for village subunits such 

as religious societies. Furthermore, a change in the size 

of religious structures should also take the form of larger 

village plazas, which probably took over the village and 

possibly inter-village integrative functions of the earlier 

great kivas to the west (Haury 1950). 

Finally, the lengthy span of human occupation at the 

three sites of Pindi, Cuyamungue, and Arroyo Hondo is 

another indication of their possible role as central places, 

a suggestion strengthened by evidence discussed in Chapter 

IV that surrounding villages diminished greatly in size and 

that many were abandoned altogether as would be expected 

from the interaction between technological innovation and 

regional population distribution posited by Christaller 

(1966), mentioned earlier. The testing of these implica

tions will serve to check not only the hypotheses of 

standardization and cost reduction but the larger diachronic 

model of trade as well. 
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Pindi Pueblo 

Evidence presented in Chapter IV indicated that bone 

items at Pindi Pueblo were characterized by highly uneven 

distributions during the Second Building Period, the period 

of peak population. 

Bone Awl Data 

The length of bone awls was used to test the 

standardization hypothesis for this implement category, as 

this dimension was deemed the one most affected by individual 

choice, rather than width or thickness. These latter 

dimensions are largely a function of the type and source of 

bone used in manufacture of the awl. The mean lengths and 

other general bone awl data are presented in Table 42. "T" 

test results show no significant difference in lengths, 

providing a negative test of the size implication of the 

central goods hypothesis. Similarly, application of an "F" 

test showed no significant difference in the variance 

around the means. However, given the observable variation 

in awl features, it was felt that the results of such tests 

on aggregated awl dimensions by time period would be 

invalid because of the possibility of masking significant 

changes in variability among awls within a given period. 

Accordingly, three aspects of awl manufacture were selected 

as offering the greatest scope for human modification in 

manufacture. These aspects were: (1) longitudinal splitting 
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Table 42. Bone Awl Mean Lengths, Pindi Pueblo 

First Building Period cases 
Second Building Period cases 

0 
123 
93 
39 
32 
104 
46 

mean length (in mm) 
standard deviation 

Third Building Period cases 
mean length (in mm) 
standard deviation 

of the bone, with the options of splitting the bone or 

leaving it unsplit; (2) manipulation of the articular end, 

with the options of no manipulation (no modification of the 

end), partial removal, or total removal; and (3) the tip, 

with options of a gradual taper or an abrupt taper. The 

abrupt taper is equivalent to the broad type used by 

Stubbs and Stallings (1953:131) and the classification 

generally follows the typological approach used by Kidder 

(1932) in his study of the artifacts of Pecos Pueblo. It 

can be predicted from the general hypothesis of standardiza

tion that awls of one value of a given aspect will show 

significant standardization in terms of variance around the 

mean length during the peak population period, the Second 

Building Period, although the specific value which will 

undergo such a process can not be predicted in advance. 

The awl dimensions by aspect are presented in Table 43. 

Discrepancy between the totals in Table 43 and Table 42 is 

due to the omission of splinter and rib awls. There was no 
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Table 43. Awl Dimensions by Aspect, Pindi Pueblo 

Second Building Third Building 
Period Period 

Splitting 
split 
number 52 14 
mean length (in mm) 109 123 
standard deviation 4 0 48 

unsplit 
number 5 2 
mean length (in mm) 83 61 
standard deviation 21 5 

Articular end 
no modification 
number 30 9 
mean length (in mm) 99 113 
standard deviation 28 95 

partial removal 
number 10 4 
mean length (in mm) 108 151 
standard deviation 40 54 

complete removal 
number 14 3 
mean length (in mm) 121 74 
standard deviation 56 24 

Tip 
gradual taper 
number 47 18 
mean length (in mm) 98 114 
standard deviation 31 57 

abrupt taper 
number 12 1 
mean length (in mm) 126 102 
standard deviation 43 
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significant difference in the relative proportions of each 

option by aspect between the two time periods by "z" test, 

and use of a "t" test similarly showed no difference in 

mean lengths by option by aspect by time. However, analysis 

of the variance around the mean lengths showed a significant 

increase in variability at greater than a .99 level of 

confidence for the option of no modification of the aspect 

of articular end and the option of gradual taper of the 

aspect of tip from the period of peak population to the 

subsequent period of reduced population, the Third Building 

Period, Only the aspect of splitting showed no significant 

change in the variance of lengths for either option. As a 

further check, it was hypothesized that if standardization 

was related to specialized craft production dependent on 

the use of bone awls, those options exhibiting standardiza

tion of means should also be characterized by differential 

access in terms of variance around the mean number of cases 

per room of each option during the period of peak popula

tion, These data are presented in Table 44. For the aspect 

of splitting, the Second Building Period variance for split 

awls was significantly greater than the Third Building 

Period variance at greater than .99 level of confidence by 

"F" test, although there was no difference between the means 

by "t" test, Unsplit awls showed no change in variance or 

means. For the aspect of articular end, only awls in which 

the articular end showed no modification showed a decrease 
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Table 44, Bone Awl Distribution by Aspect, Pindi Pueblo 

Second Building Third Building 
Period Period 

Splitting 
split 
mean cases per room 1.7 1.5 
standard deviation 1.1 0.5 

unsplit 
mean cases per room 1.0 1.0 
standard deviation 0.0 0,0 

Articular end 
no modification 
mean cases per room 1.6 1.1 
standard deviation 0.9 0.3 

partial removal 
mean cases per room 1.3 1.0 
standard deviation 0.4 0.0 

complete removal 
mean cases per room 1.0 1.3 
standard deviation 0.0 0.6 

Tip 
gradual taper 
mean cases per room 1.7 1.5 
standard deviation 1.1 0.8 

abrupt taper 
mean cases per room 1.2 1.0 
standard deviation 0.4 0.0 
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in the variance around the mean cases per room from the 

Second to the Third Building Period, a decrease significant 

again at greater than .99 level of confidence. Awls with 

the end partly or totally removed showed no significant 

change in variance of distribution. For the final aspect, 

that of tip, gradual taper showed a decrease in variance 

but not one significant by "F" test. The change in 

variance for abrupt taper could not be tested due to the 0 

value of the standard deviation. This suggests first of all 

that awls with unmodified articular ends were indeed both 

standardized and used in specialized craft production as 

contrasted with the other options of articular end modifica

tion. The option of splitting the bone to produce an awl 

may also have had importance in this postulated production, 

as may have awls with a gradual taper as well. Accordingly, 

the prediction is confirmed, and the implication of 

standardization of dimensions is accepted as positive for 

the case of bone awls. 

Bone awl data were also used to test the materials 

and tools implications of the central goods hypothesis, 

discussed earlier, through the use of the "A" test of 

diversity. In terms of materials, bone awls from Pindi 

Pueblo were classified according to general faunal source, 

avian or mammal, relying on descriptions in the files of 

the Laboratory of Anthropology of the Museum of New Mexico. 

Bones of unknown source comprised 1% of all awls and were 
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omitted from calculation of "A" values, which were based on 

relative proportions of each source during each of the two 

time periods. Similarly, awls were also classified by type 

of bone used in manufacture, tibiotarsus, long bone, and 

antler, again relying on file descriptions. In the case of 

bone types, however, bones of unknown type, although again 

omitted from calculation of "A" values, constituted 37% of 

all Second Building Period awls and 47% of all Third 

Building Period ones, and must be considered a strong 

possible factor in skewing of the data. These data are 

presented in Table 45. Although no change is noted in terms 

of general faunal source, an increase in the diversity of 

types of bone used in the manufacture of awls does occur. 

This appears to be largely a function of increased utiliza

tion of antler as awl material and may reflect a greater 

emphasis on the use of animals procured at a distance, as 

would have been the case with deer and elk. Such a greater 

emphasis is in accord with the tentative pattern of more 

hunting for the Third Building Period at Pindi which was 

discerned from the testing of the access minimization 

hypothesis in Chapter IV and the discussion of evidence of 

rescheduling in terms of hunting also presented therein, but 

must be considered a negative test of this implication. 

The tools implication of the central goods hypoth

esis is considered both in the light of data of the total 

awl assemblage, with inclusion of splinter and rib awls, and 
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Table 45. Faunal Sources and Bone Types of Awls, Pindi 
Pueblo 

Second Building Third Building 
Period Period 

Faunal source 
Animal source 57% 56% 
Avian source 43% 44% 
"A" value 0.49 0.49 

Bone type 
Tibiotarsus 5% 6% 
Long bone 64% 60% 
Antler 21% 27% 
"A" value 0.52 0.55 

data on changes in the proportions of the various options 

outlined for each of the three aspects of splitting, 

articular end, and tip. These data are presented in Table 

46. As predicted by the model, there is a greater diversity 

in terms of the general awl assemblage during the period of 

peak population, providing a positive test of the tools 

implication and suggesting either a wider range of ties, 

or a wider range of awl-related activities, or both. How

ever, examination of the diversity of the class of general 

awl type presents a more complex picture. Both splitting 

and articular end modification show greater diversity in 

the low population period of the Third Building period, and 

are negative tests of the central goods hypothesis. The 

tip, though, shows a decrease in diversity of absolute value 

of 0.16, a change almost twice as great as the absolute 
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Table 46. Awl Diversity, Pindi Pueblo 

Second Building 
Period 

Third Building 
Period 

General awl assemblage 
general awl 57% 67% 
splinter awl 38% 21% 
rib awl 5% 13% 
"A" value 0.53 0.49 

Splitting 
split 91% 87% 
unsplit 9% 13% 
"A" value 0.14 0.23 

Articular end 
no modification 58% 56% 
partial removal 18% 22% 
total removal 25% 22% 
"A" value 0. 57 0.59 

Tip 
gradual taper 78% 90% 
abrupt taper 22% 10% 
"A" value 0.34 0.18 

value of the change in splitting (0.9) and eight times 

greater than the change in articular end (0.2), To the 

extent that the tip of the tool is the aspect most directly 

related to its functional use, such a decline provides 

another correlation with the change in diversity noted for 

the total awl assemblage at Pindi Pueblo. The change in 

the diversity of awl tips is of such a magnitude that when 

the mean value of the "A" statistic is calculated, diversity 

of general awls actually declines from a value of 0.35 

during the Second Building to 0.33 in the Third, thus 
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constituting a positive test of the tools implication of the 

central goods hypothesis for the category of general awl. 

It also provides supportive evidence for the postulated 

specialization in bone tools or products made with their 

use, based on the evidence for restricted access and uneven 

distribution of such tools during the maximum population 

period of Pindi Pueblo, discussed in Chapter IV. 

Other Bone Tool Data 

Only two items in this category remained in the 

collections of the Laboratory of Anthropology which could 

be assigned to temporally-related proveniences, too few for 

further analysis. These were one hammer-flaker and one 

scraper, both from Second Building Period proveniences. 

Chipped Stone Tool Data 

A total of thirty stone tools remained in the 

Laboratory of Anthropology collection from Pindi Pueblo, 

sixteen from the Second Building Period and fourteen from 

the Third Building Period of reduced population. The data 

on chipped stone tool types and materials are presented in 

Table 47, both in terms of absolute numbers and as per

centages of the total chipped stone tool assemblage from 

each period. The discrepancy between the artifact totals 

as presented in the tool types section and the materials 

section is a function of reliance on data in the files of 

the Laboratory of Anthropology for determination of 
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Table 47. Chipped Stone Tool Types and Materials, Pindi 
Pueblo 

Second Building 
Period 

Third Building 
Period 

number %age number %age 

Tool type 
projectile point 5 31% 4 29% 
drill 2 13 1 7 
side scraper 1 7 0 
end scraper 1 7 3 21 
pick 3 19 0 
notched tool 4 25 0 
knife—2 edges 0 2 14 
knife-scraper 0 3 21 
use flake scraper 0 1 7 
total 16 102% 14 99% 
"A" value 0.78 0.80 

Materials 
quartzite 2 12% 1 17% 
chalcedony 4 24 1 17 
micaceous schist 4 24 0 
fine-grain igneous rock 2 12 0 
chert 2 12 2 33 
obsidian—black 

translucent 1 6 0 
obsidian—gray 

translucent 0 1 17 
petrified wood 1 6 0 
rhyolite 1 6 0 
jasper 0 1 17 
total 17 102% 6 101% 
"A" value 0.83 0.78 
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materials used; those tools of unknown lithic origin or 

whose material was not specified in the Museum records are 

therefore omitted from the section on materials. The data 

show a slight increase in tool diversity from the Second to 

Third Building Periods, constituting a negative test of the 

central goods hypothesis for chipped stone tools at this 

site. The materials, however, show a contrasting decline 

in diversity over twice as great as the increase in tool 

diversity. This not only provides a positive test of the 

hypothesis of chipped stone tool materials but also suggests 

the operation of factors at Pindi similar to those which 

produced the contrast between chipped stone tool distribu

tion and the distribution of lithic materials at Arroyo 

Hondo, discussed in Chapter IV, where it was suggested that 

materials may have been the focus of restricted access 

rather than the tools themselves. If in fact access to 

lithic materials was under the control of different popula

tion units or subunits seeking to maximize links to other 

such units under pressure from the action of factors out

lined for the preconditions of the general trade model, the 

use of economies of scale in a central place system would 

present precisely the pattern noted here, namely greater 

diversity of materials during peak population periods. This 

supposition is strengthened by the fact that the greatest 

contribution to the general increase in tool type diversity 

in the Third Building Period comes from tools which possibly 
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served in the utilization of animal materials such as hides, 

the two-edged knives, knife-scrapers, and use flake scraper, 

a tentative increase in use of non-local animals supported 

by the increase in antler awls as well. However, given the 

highly uneven nature of artifact retention in the Laboratory 

collections, such conclusions must be considered only very 

initial in nature at best and checked against trends from 

the other two sites. 

No cores or core nuclei were retained in the 

collection, rendering impossible a test of the core nuclei/ 

core implication. Similarly, information was lacking on 

reworking of tools. As for the multipurpose tool implica

tion, data showed that 6% of Second Building Period chipped 

stone tools were multipurpose in nature (one out of sixteen 

tools) in contrast to the Third Building Period in which 

none of the fourteen tools were multipurpose. However, this 

difference was not significant by "z" test, providing a 

negative test of the implication, with the caveat of 

possible data skewing due to variable artifact retention. 

The paucity of artifacts negated testing the standardization 

hypothesis on the variance around mean dimensions for any 

chipped stone tools except for projectile points. Both mean 

dimensions and the diversity matrix were employed in this 

test, the data for which are presented in Table 48. Dis

crepancies between the number of cases for the diversity 

matrix and mean dimensions are due to the fact that a given 
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Table 48. Dimensions and Diversity of Projectile Points, 
Pindi Pueblo 

Second Building 
Period 

Third Building 
Period 

Mean length (in mm) 33 33 
standard deviation 5 — 

number of cases 3 1 

Mean width (in mm) 19 15 
standard deviation 9 5 
number of cases 4 2 

"A" value 
basal notch 0.48 0.00 
base (stem) 0. 61 0.38 
base shape 0. 50 0. 38 
corner notch 0.28 0.00 
side notch 0.50 0.32 

Mean "A" value 0.47 0.21 
standard deviation 0.12 0.16 

projectile point might be incomplete in length but still 

capable of providing information on other features such as 

basal notch, base shape and so on. 

Examination of diversity matrix figures provides 

five negative tests of the standardization hypotheses, 

since diversity declined for all five characters. Use of 

"t" test on the mean "A" value confirmed this trend by show

ing at greater than .95 level of confidence that the two 

means came from different populations. Use of the same 

test on the mean widths showed no significant difference, 

in spite of the larger mean width during the Second Building 
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Period as predicted. The one case in which length was 

measurable in the Third Building Period precluded further 

testing of that dimension. These negative tests may be 

reflective of a greater dependence on hunting in the Third 

Building Period time of lower population, a possibility for 

which there is considerable indirect evidence, as has 

already been discussed. 

Nonlocal Goods Data 

These data come from three general artifact cate

gories, namely bone items, lithic items, and a third 

miscellaneous category. Of the bone items which have been 

mentioned as possible evidence of Plains contact, including 

bone beamers and scrapers, eyed needles, rib shaft wrenches 

and antler rubgers, only a single bone scraper was found in 

collections. However, thefact that it was found in a Second 

Building Period provenience, the period of peak population, 

will be accepted as a positive test of the implication, 

albeit a very weak one given the skewness of the data. 

Nonlocal lithic evidence included two materials, 

Pedernal chert and Alibates flint, and several implement 

types-'-snubnose scrapers, side scrapers, four-edged knives, 

drills with either unworked or "T"-shaped bases, and 

sandstone shaft smoothers with longitudinal grooves. 

Neither of the nonlocal lithic materials was found in the 

remaining chipped stone tools from Pindi in collections, 
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although the presence of petrified wood from a Second 

Building Period provenience is suggestive of some kind of 

nonlocal materials connection. Although side scrapers did 

decrease from 7% of the Second Building Period chipped stone 

tool assemblage to none at all in the Third Building Period 

as predicted, this difference was not significant by "z" 

test. None of the other chipped stone tool types were found 

in the Pindi collections. The general category of hammer 

and abrading stones was examined for the Pindi material. 

Five such items were found, four polishing stones (three 

Second Building Period, one Third Building Period) and one 

shaft smoother. This was a sandstone shaft smoother with 

longitudinal grooves and its occurrence in a Second Building 

Period provenience leads to its acceptance as a weak posi

tive test of the nonlocal goods implication of the central 

goods hypothesis, given possible data distortion. 

The category of miscellaneous data includes elbow 

pipes and cylindrical beads. Neither were found in 

temporally-assignable proveniences at Pindi, however, so 

the implication can neither be accepted nor rejected for 

this category due to insufficient data. 

Religious Center Hypothesis 

No data on plaza construction could be obtained from 

the site report on Pindi (Stubbs and Stallings 1953). 

However, five kivas were excavated. Kivas B, C, and D were 
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constructed during the First Building Period, Kivas E and 

F during the Second Building Period, although these latter 

kivas were in use until the site was abandoned (Stubbs and 

Stallings 1953:32). The three earlier kivas are sub

terranean and circular in shape, whereas the later ones are 

surface kivas of an almost rectangular "D"-shaped configura

tion and were incorporated into room-blocks. The data on 

kiva size are presented in Table 49. Although the mean area 

for kivas did in fact increase during the Second Building 

Period of peak population as predicted, the increase is not 

significant by a "t" test of the means. This provides a 

negative test of the kiva implication of the religious 

center hypothesis. 

Table 49. Kiva Areas, Pindi Pueblo 

First Building Period 
Kiva B area 
Kiva C area 
Kiva D area 
mean area 
standard deviation 

21.2 m2 

11.3 

Second Building Period 
Kiva E area 
Kiva F area 
mean area 
standard deviation 

15.1 m2 
18.5 „ 
16 .8  nT 
2.4 
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The results of the test implications of the hypoth

eses of standardization and cost reduction at Pindi Pueblo 

are summarized in Table 50. As with earlier tests, the 

first impression is one of paucity of data. Nonetheless, 

several trends do appear to be manifesting themselves at 

Pindi Pueblo. The first of these is that differential 

specialization was occurring as seen in differential 

standardization of dimensions in terms of both artifact 

categories and subcategories as well. This is most evident 

for the various options of aspects of bone awl manufacture. 

There is some suggestion that standardization is related to 

frequency of use of an item in daily routine, judging from 

the indication that projectile points became more 

standardized in the period of low population which was 

marked by a greater dependence on hunting, as seen in the 

increase in antler awls and general faunal source and bone 

type diversity. At the same time, lithic materials were 

decreasing in diversity from their high in the previous 

high population period, which supports the contention that 

the site was serving as a central place for the region. 

This contention is further supported by survey evidence that 

smaller sites in the area were abandoned and by the presence 

of some putative Plains-type artifacts at the site during 

the period of peak population, namely bone scrapers and 

sandstone shaft smoothers with longitudinal grooves. The 
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Table 50. Standardization and Cost Reduction Test Results, 
Pindi Pueblo 

Standardization hypothesis 
bone awl mean + 
other bone tool 0 
chipped stone tool 
projectile point 
basal notch "A" 
base (stem) "A" 
base shape "A" 
corner notch "A" 
side notch "A" 
mean "A" 
mean length 0 
mean width 

drill 
basal notch "A" 0 
base (stem) "A" 0 
base shape "A" 0 
corner notch "A" 0 
side notch "A" 0 
mean "A" 0 
mean length 0 
mean width 0 

knife—1 edge 
mean length 0 
mean width 0 

knife—2 edge 
mean length 0 
mean width 0 

knife-scraper 
mean length 0 
mean width 0 

sidescraper 
mean length 0 
mean width 0 

core 
mean length 0 
mean width 0 

core nucleus 
mean length 0 
mean width 0 

Central goods hypothesis 
awl 
faunal source "A" 
bone type "A" 
tool type 
total assemblage "A" + 
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Table 50.—Continued 

splitting "A" 
articular end "A" 
tip "A" 
general awl "A" + 

other bone tool 0 
chipped stone tool 
materials "A" + 
tools "A" 

reworking 0 
multipurpose 
size 
awl 
other bone tool 0 
chipped stone tool 0 

core nucleus/core 0 
non-local goods 
bone 
beamer 0 
scraper + 
eyed needle 0 
rib shaft wrench 0 
antler rubbing tool 0 

stone 
Pedernal chert 0 
Alibates flint 0 
snubnose scraper 0 
side scraper 0 
four-edged knife 0 
drill 
unworked base 0 
"T"-shaped base 0 

sandstone shaft smoother + 
miscellaneous 
cylindrical bead 0 
elbow pipe 0 

Religious center hypothesis 
plaza 0 
kiva -

Small site abandonment r 

a+ = positive test; - = negative test; 0 = insuffi
cient data; r = test accepted as positive on regional basis. 
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increase in kiva size was also suggestive of such a role, 

but was not statistically significant. 

Cuyamungue Pueblo 

In Chapter IV, distortion and skewing of the bone 

awl data was discussed, distortion possibly due to the 

operation of specialized cultural formation processes such 

as exclusive refuse deposition areas for different imple

ments and which manifested itself in the 22 bone awls found 

in the two First Time Period kivas at Cuyamungue. 

Bone Awl Data 

The bone awl data are further skewed for Buyamungue 

by the fact that although eighteen of the twenty-two First 

Time Period awls and four of the five Second Time Period 

awls were complete, only two of the five Third Time Period 

awls were complete. With these provisos in mind, the mean 

length for all complete Cuyamungue bone awls and other 

information are presented in Table 51. Although the mean 

length is greatest during the Second Time Period as pre

dicted, the differences among periods are not significant 

by "t" test. "F" test results indicate that the Third Time 

Period is significantly less diverse in terms of the variance 

of lengths around the mean than the other two periods at 

greater than .95 level of confidence. However, the First 

and Second variances are not significantly different which, 

combined with the greater number of cases for each of these 
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Table 51. Bone Awl Mean Lengths, Cuyamungue Pueblo 

First Time Period cases 18 
Mean length (in mm) 86 
Standard deviation 26 

Second Time Period cases 4 
Mean length (in mm) 93 
Standard deviation 28 

Third Time Period cases 2 
Mean length (in mm) 66 
Standard deviation 0.7 

periods, suggest that the Third Time Period difference may 

well be due to the action of chance factors of retention 

rather than the operation of any processes of standardiza

tion. This was checked by examination of mean lengths by 

options of each of the three aspects of bone awl manufacture 

by period and these data are presented in Table 52, 

Again there was no difference in means by "t" test 

among aspects by time period. As might be expected, split 

bone awl variance was lowest during the Third Time Period, 

as was the case for bone awls with gradually tapering tips, 

which further tends to confirm the operation of chance 

factors. A further check was provided by analysis of 

distribution of the options of each aspect in terms of the 

variance around the mean number of cases per room, which 

data are presented in Table 53. Here the First Time Period 

differ at greater than .995 level of confidence in means for 

split bone awls from the Second and Third Time period cases, 
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Table 52. Awl Dimensions by Aspect, Cuyamungue Pueblo 

Splitting 
split 
number 
mean length (in mm) 
standard deviation 

unsplit 
number 
mean length (in mm) 
standard deviation 

Articular end 
no modification 
number 
mean length (in mm) 
standard deviation 

partial removal 
number 
mean length (in mm) 
standard deviation 

complete removal 
number 
mean length (in mm) 
standard deviation 

Tip 
gradual taper 
number 
mean length (in mm) 
standard deviation 

abrupt taper 
number 
mean length (in mm) 
standard deviation 

First Time Second Time Third Time 
Period Period Period 

15 4 2 
88 93 66 
36 28 0.7 

3 0 0 
75 
17 

8 0 0 
88 
36 

5 0 1 
76 65 
24 0 

6 4 1 
78 93 66 
39 28 0 

17 4 2 
82 93 66 
30 28 0.7 

10 0 
150 
0 
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Table 53. Bone Awl Distribution by Aspect, Cuyamungue 
Pueblo 

First Time Second Time Third Time 
Period Period Period 

Splitting 
split 
mean cases per room 8.5 1.3 1.0 
standard deviation 0.7 0.7 0.0 

unsplit 
mean cases per room 1.5 0.0 0.0 
standard deviation 0.7 

Articular end 
no modification 
mean cases per room 4.5 0.0 0.0 
standard deviation 0.7 

partial removal 
mean cases per room 2.5 1.0 
standard deviation 0.7 0.0 

complete removal 
mean cases per room 2.5 1.0 1.0 
standard deviation 0.7 0.0 0.0 

Tip 
gradual taper 
mean cases per room 8,5 1.0 1.0 
standard deviation 0.7 0.0 0.0 

abrupt taper 
mean cases per room 1.0 0.0 0.0 
standard deviation 0.0 
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which in turn fail to differ significantly from each other. 

Awls with a gradual taper present the same picture. For 

Pindi awls, a rough congruence was established between 

options showing greatest standardization in terms of mean 

lengths and showing greatest unevenness of distribution 

around the mean cases per room. For Cuyamungue, the picture 

is reversed. The Third Time Period with two awls exhibited 

the greatest standardization while First Time Period awls 

showed the most uneven distribution. This strongly indi

cates the operation of chance factors on the statistical 

results, an indication which can and will be cross-checked 

against the Arroyo Hondo bone data in the next section. 

The Cuyamungue bone awl data also presented problems 

in testing the materials and tools implications of the 

central goods hypothesis. Only two awls were identified 

as to the type of bone used in manufacture and only ten as 

to general faunal source. Given a total of thirty-five awls 

remaining in the Cuyamungue collection at the Laboratory 

of Anthropology, this precluded use of further statistical 

treatment such as the "A" statistic, since the possibility 

of skew was too great. However, the awls were analyzed in 

terms of the total assemblage diversity and for the diversity 

of the three aspects of splitting, articular end, and tip. 

These data are presented in Table 54. As predicted by the 

model, there is a greater diversity in terms of the general 

awl assemblage during the period of maximum population, 
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Table 54. Awl Diversity, Cuyamungue Pueblo 

First Time 
Period 

Second Time 
Period 

Third Time 
Period 

General awl assemblage 
general awl 91% 63% 80% 
splinter awl 9% 37% 20% 
"A" value 0.16 0.47 0.32 

Splitting 
split 85% 100% 100% 
unsplit 15% 0% 0% 
"A" value 0.26 0.00 0.00 

Articular end 
no modification 45% 0% 0% 
partial removal 25% 0% 0% 
total removal 30% 100% 100% 
"A" value 0.65 0. 00 0.00 

Tip 
gradual taper 94% 100% 100% 
abrupt taper 6% 0% 0% 
"A" value 0.11 0.00 0,00 

providing a positive test of the tools implication. 

Examination of intra-class diversity for the category of 

general awls reveals more complexity. All three aspects 

exhibit peak diversity during the First Time Period and show 

total uniformity for the two later periods. The First Time 

Period assemblage is over twice as large in terms of numbers 

of items as the two later period collections combined which 

indicates the diversity shown is most likely a function of 

the greater size of the First Time Period collection and 

hence an invalid negative test. Accordingly, the 



226 

implication will neither be accepted nor rejected due to 

insufficient data. 

Other Bone Tool Data 

Only five other bone tools were found in the collec

tions of the Laboratory of Anthropology, consisting of two 

worked fragments from the First Time Period, two worked 

fragments from the Second Time Period, and one hammer-

flaker from the Third Time Period. The paucity of these 

data simply precluded further examination. 

Chipped Stone Tool Data 

No chipped stone tools from Cuyamungue remained in 

the collection of the Laboratory of Anthropology which could 

be assigned to definite temporally-related proveniences. 

Nonlocal Goods Data 

Absence of other bone tool data prevents testing of 

the nonlocal goods implication on bone tools, and a 

similar absence of chipped stone tools prevents examination 

of this domain in connection with the implication. This 

leaves only sandstone shaft smoothers, cylindrical beads 

and elbow pipes as data for testing the implication of 

nonlocal goods of the central goods hypothesis. Unfor

tunately, none were found remaining in the collection, so 

the entire implication can neither be accepted as positive 

nor rejected as negative due to insufficient data. 



Religious Center Hypothesis 

The data as presented in Wendorf's field notes and 

Wilmeth's (1956) thesis are too fragmentary to allow any 

statements to be made about changes in kiva size. Simi

larly, the absence of statements about dates of plaza 

construction prevented the testing of that implication of 

the hypothesis. 

The results of the test implications of the 

hypotheses of standardization and cost reduction at 

Cuyamungue Pueblo are summarized in Table 55. The table 

most clearly shows the absence of usable data in the 

remaining collections from this site at the Laboratory of 

Anthropology. The one category with sufficient representa

tion in terms of number of cases, bone awls, is rendered 

unreliable by the operation of factors which have strongly 

biased the available data. These factors have included 

both uneven retention of materials in collections and the 

possible existence of specialized refuse deposition areas 

for different tools. Accordingly, interpretation of the 

few positive and negative tests of the hypotheses must be 

held in abeyance until trends at all three sites can be 

examined. 

Arroyo Hondo Pueblo 

In Chapter IV, it was suggested that craft speciali 

zation in bone awls or items made with their use did not 
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Table 55. Standardization and Cost Reduction Test Results, 
Cuyamungue Pueblo 

Standardization hypothesis 
bone awl mean 
other bone tool 0 
chipped stone tool 
projectile point 
basal notch "A" 0 
base (stem) "A" 0 
base shape "A" 0 
corner notch "A" 0 
side notch "A" 0 
mean "A" 0 
mean length 0 
mean width 0 

drill 
basal notch "A" 0 
base (stem) "A" 0 
base shape "A" 0 
corner notch "A" 0 
side notch "A" 0 
mean "A" 0 
mean length 0 
mean width 0 

knife-*-1 edge 
mean length 0 
mean width 0 

knife—2 edge 
mean length 0 
mean width 0 

knife-scraper 
mean length 0 
mean width 0 

sidescraper 
mean length 0 
mean width 0 

core 
mean length 0 
mean width 0 

core nucleus 
mean length 0 
mean width 0 

Central goods hypothesis 
awl 
faunal source "A" 0 
bone type "A" 0 
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tool type 
total assemblage "A" + 
splitting "A" 
articular end "A" 
tip "A" 
general awl "A" 

other bone tool 0 
chipped stone tool 
materials "A" 0 
tools "A" 0 

reworking 0 
multipurpose 0 
size 
awl 
other bone tool 0 
chipped stone tool 0 

core nucleus/core 0 
non-local goods 
bone 
beamer 0 
scraper 0 
eyed needle 0 
rib shaft wrench 0 
antler rubbing tool 0 

stone 
Pedernal chert 0 
Alibates flint 0 
snubnose scraper 0 
side scraper 0 
four-edged knife 0 
drill 
unworked base 0 
"T"-shaped base 0 

sandstone shaft smoother 0 
miscellaneous 
cylindrical bead 0 
elbow pipe 0 

Religious center hypothesis 
plaza 0 
kiva 0 

Small site abandonment r 

a+ = positive test; - = negative test; 0 = insuffi
cient data; r = test accepted as positive on regional basis. 
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occur at Arroyo Hondo as seen from the lack of evidence for 

differential access to such bone tools, in contrast with 

Pindi Pueblo. This is in some measure confirmed by 

examination of the same data for standardization. 

Bone Awl Data 

The initial bone awl length data are presented in 

Table 56. The Component 1 mean length is significantly 

greater than that for Component 2 at greater than .99 5 level 

of confidence by "t" test of means, providing a positive 

test of the size implication of the central goods hypoth

esis for this implement category. However, the variance 

around these means is greater for Component 1 awls at better 

than .99 level of confidence by "F" test, thus constituting 

a negative test of the standardization hypothesis. On 

closer examination of individual lengths, awls ranged from 

thirty to 258 millimeters in length in Component 1, compared 

to a range of only 43 to 139 millimeters during Component 2. 

Four Component 1 awls clustered at the extreme length of the 

range, clustering around a length of 222 millimeters and 

separated by twenty millimeters from the next awl. No such 

gap existed among the rest of the Component 1 assemblage, so 

it was decided to examine the means when these four extra-

long awls were omitted. With this omission, the mean length 

declined to 100 millimeters and the standard deviation to 

only 35, indicating the strong bias provided by the 
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Table 56. Bone Awl Mean Lengths, Arroyo Hondo Pueblo 

Component 1 cases 104 
Mean length (in mm) 105 
Standard deviation 42 

Component 2 cases 22 
Mean length (in mm) 85 
Standard deviation 23 

inclusion of the four in the general Component 1 mean. How

ever, the means and variances were still significantly 

different, although at lower levels of confidence, .95 for 

the means by "t" test and .95 for the variance by "F" 

test, and the result still remains a negative test of the 

implication. 

The implication was further examined by aspect of 

manufacture to test the implication that awls of one value 

of a given aspect will be significantly more uniform in 

terms of variance around mean length during the peak popula

tion period of Component 1. Awl dimensions by option and 

aspect are presented in Table 57. No unsplit awls were 

found. There was a significant increase in the relative 

proportions of awls with complete articular ends for that 

aspect (greater than .95 level of confidence by "z" test) 

from 32% of the Component 1 assemblage to 50% in Component 

2. There was no such change in the proportions of the 

options of the aspect of tip. As might be expected, the 

options of splitting and gradual taper showed significantly 
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Table 57. Awl Dimensions by Aspect, Arroyo Hondo Pueblo 

Component 1 Component 2 

Splitting 
split 
number 
mean length (in mm) 
standard deviation 

unsplit 

Articular end 
no modification 
number 
mean length (in mm) 
standard deviation 

partial removal 
number 
mean length (in mm) 
standard deviation 

complete removal 
number 
mean length (in mm) 
standard deviation 

Tip 
gradual taper 
number 
mean length (in mm) 
standard deviation 

abrupt taper 
number 
mean length (in mm) 
standard deviation 

95 
104 
42 

27 
81 
29 

54 
105 
32 

6 
77 
25 

98 
106 
41 

1 
75 
0 

20 
85 
24 

6 
84 
23 

14 
86 
25 

0 

20 
82 
30 

1 
139 
0 
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greater lengths during Component 1, as did the option of 

partial removal of articular end (greater than .95 level of 

confidence for all three), since these three represent, 

respectively, 100%, 99%, and 63% of the total assemblage. 

However, analysis of the variance around the means revealed 

some significant differences. Only the options of splitting 

and gradual taper showed the significant decrease in 

variability of length in Component 2, at greater than .95 

level of confidence. The aspect of articular end, which 

showed greater diversity in terms of distribution of awls 

by option, showed no significant change in variance between 

components, which suggests that some of the decline in 

diversity through time is at least in part a function of 

the much greater number of Component 1 awls as compared to 

Component 2, 104 versus 22 respectively, and the more skewed 

distribution of options of manufacture for each aspect. 

This was further checked by examination of differential 

access to each option of each aspect in terms of the 

variance around the mean number of cases per room for each 

option. Given the general congruence of mean length 

variance and mean cases per room variance at Pindi, if in 

fact a great deal of the variance at Arroyo Hondo is due to 

the factors just discussed, none of the options should show 

significant differences in the variance of cases per room. 

These data are presented in Table 58. As predicted, there 

is no significant difference in the variance by "F" test, 
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Table 58. Bone Awl Distribution by Aspect, Arroyo Hondo 
Pueblo 

Component 1 Component 2 

Splitting 
split 
mean cases per room 
standard deviation 

unsplit 

Articular end 
no modification 
mean cases per room 
standard deviation 

partial removal 
mean cases per room 
standard deviation 

complete removal 
mean cases per room 
standard deviation 

Tip 
gradual taper 
mean cases per room 
standard deviation 

abrupt taper 
mean cases per room 
standard deviation 

3.1 
2 . 2  

1.4 
0.6 

1.7 
1. 0 

1. 5 
0.6 

2 . 6  
1.8 

1. 0 
0 . 0  

3.0 
2.7 

1.3 
0 . 6  

1.0 
0 . 0  

0 . 0  

2.7 
2.5 

1.0 
0 . 0  
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nor any difference in mean cases per room for any of the 

options of aspect of manufacture at this site. In the 

absence of such change, the implication is accepted as 

negative for the bone awl mean implication of the 

standardization hypothesis. 

Bone awl data are again used to test the materials 

and tools implications of the central goods hypothesis with 

the application of the "A" test of diversity. The faunal 

source and bone type data of Arroyo Hondo awls are presented 

in Table 59. Less than 1% of the awls could not be 

identified as to general source for both periods; however, 

57% of Component 1 awls were unidentified as to type of bone 

used, and 33% of Component 2 awls, and these unknowns were 

omitted in calculation of A values. The data are presented 

in Table 59. For both faunal source and bone type, an 

increase in diversity is quire apparent through time at 

Arroyo Hondo. This constitutes a negative test of the 

diversity implication of the central goods hypothesis but 

strengthens the possibility that hunting became a more 

important food procurement system during the period of 

reduced population, Component 2. In order to examine more 

closely the nature of this tentative shift, bone awl faunal 

sources were further broken down into specific faunal 

sources where known; 61% of Component 1 awls and 38% of 

Component 2 awls could be so identified, which data are 

presented in Table 60. Again, awls of unknown source were 
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Table 59. Faunal Sources and Bone Types of Awls, Arroyo 
Hondo Pueblo 

Component 1 Component 2 

Faunal source 
Animal source 30% 42% 
Avian source 69% 58% 
"A" value 0.43 0.49 

Bone type 
Tibiotarsus 50% 50% 
Long bone 6% 7% 
Rib 1% 14% 
Metapodial 42% 29% 
Other 1% 0% 
"A" value 0.57 0.64 

Table 60. Specific Faunal Sources of Awls, Arroyo Hondo 
Pueblo 

Component 1 Component 2 

Aa B A B 

Faunal sources 
deer-elk 73% 92% 70% 94% 
Odocoileus (mule deer) 2% 3% 0 0 
Antilocapra (antelope) 1% 1% 0 0 
Lepus (hare) 3% 4% 4% 6% 
Sylvilagus (rabbit 1% 1% 
Faunal "A" value 0.15 0. 11 

Avian sources 
turkey 19% 90% 26% 100% 
eagle 1% 3% 0 0 
Buteo (hawk) 1% 3% 0 0 
Grus (goose) 1% 3% 0 0 
Avian "A" value 0.18 0. 00 

General "A" value 0.43 0. 44 

aA = percentage of all awls; B = percentage of all 
awls of given general source. 
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omitted from calculation of "A" values. Comparison of 

these figures with the "A" values given in Table 59 indi

cates, first of all, that although diversity of general 

source increases in the sense of a more even distribution 

of awl sources between the two general sources, the 

diversity within general awl category did not increase 

significantly, as shown by an increase of only 0.01, 

important changes were occurring within the faunal and avian 

subdivisions. These changes were in the direction of 

decreasing diversity and are greatest for awls of avian 

source, where a decision appears to have been made to 

concentrate on the readily available turkey at the expense 

of non-local faunal sources such as eagle and hawk, A 

similar change may have occurred for faunal source awls as 

well, but is obscured by the overlap between awls identified 

as to general deer-elk origin and those more specifically 

identified as of mule-deer origin. To the extent that the 

use of awls from sources not found in the immediate vicinity 

of Arroyo Hondo reflects direct or indirect articulation 

with other ecological zones and microzones, this decline 

provides a positive test of the implication of the central 

goods hypothesis that such articulation will be most 

diverse during the period of peak population, here 

Component 1, 

The tools implication of the central goods hypothesis 

is again considered for both the total awl assemblage and 
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for the class of general awls. These data are presented in 

Table 61. As predicted by the model, there is a greater 

diversity in terms of the general awl assemblage during the 

period of peak population, providing a positive test of the 

tools implication at Arroyo Hondo. However, examination of 

the diversity within the class of general awl revealed no 

change in diversity for the aspects of splitting and 

articular end in spite of a significant increase (greater 

than .95 level of confidence) in the percentage of awls with 

unmodified articular ends, constituting two negative tests 

of the implication for this awl class. Furthermore, the 

aspect of tip actually increases in diversity from an "A" 

value of 0.02 to one of 0.10, an increase of such magnitude 

that the mean "A" value for all three aspects increases from 

0.17 to 0.20, another negative test of the implication which 

provides further evidence for the postulated absence of 

specialization of awl manufacture or items made with their 

use at this site, in contrast to Pindi Pueblo. 

Other Bone Tool Data 

A total of sixteen other complete bone tools were 

found through excavations at Arroyo Hondo in temporally-

related proveniences, twelve from Component 1 and four from 

Component 2. The paucity of the Component 2 sample pre

vented meaningful comparisons of artifact mean lengths. 

However, the diversity of the two assemblages could be 
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Table 61. Awl Diversity, Arroyo Hondo Pueblo 

Component 1 Component 2 

General awl assemblage 
general awl 95% 96% 
splinter awl 3% 2% 
rib awl 2% 2% 
"A" value 0.10 0.08 

Splitting 
split 100% 100% 
unsplit 0% 0% 
"A" value 0.00 0. 00 

Articular end 
no modification 32% 50% 
partial removal 63% 50% 
total removal 5% 0% 
"A" value 0. 50 0.50 

Tip 
gradual taper 99% 95% 
abrupt taper 1% 5% 
"A" value 0. 02 0.10 

compared through use of the "A" statistic. In addition, 

twenty worked fragments from Component 1 and two from 

Component 2 were uncovered which were used in testing the 

diversity of other bone tool faunal sources and type of bone 

used in manufacture. The data on composition of the other 

bone tool assemblage by tool type and "A" values are 

presented in Table 62. As predicted, a drastic decline in 

the diversity of the bone tool assemblage occurred between 

components, providing a positive test of the central goods 

hypothesis for this artifact category. Similar declines 

can also be seen in the bone type and general source data 
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Table 62. Other Bone Tools, Arroyo Hondo Pueblo 

\ 

Component 1 Component 2 

Scraper 
Wrench 
Beamer 
Other 

Hammer-flaker 33% 
33% 
8% 

17% 
8% 

75% 
0 
0 
0 
25% 

"A" value 0.74 0.38 

as presented in Table 63. Artifacts of unknown bone type 

or faunal source are omitted but identifiable worked frag

ments are included. In contrast to bone awls, other bone 

tools showed a decline in both diversity of bone type and 

general source. The possibility that this decline is 

largely a function of a shift away from skin-working and 

other tools of possible Plains origin will be discussed in 

the section on the non-local goods implication. To examine 

more closely the nature of this shift, other bone tool 

faunal sources were further broken down into specific 

faunal sources where known; 85% of Component 1 tools could 

be so identified, and 67% of Component 2 implements. These 

data are presented in Table 64. Comparison of these "A" 

values with those of the general source given in Table 63 

confirms the picture of declining diversity. The apparent 

increase in diversity for other bone tools of a faunal 

origin should be regarded with considerable suspicion given 

the probable overlap between the two categories. More 
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Table 63. Bone Types and General Sources, Other Bone Tools, 
Arroyo Hondo Pueblo 

Component 1 Component 2 

Bone type 
long 16% 0 
residual 41% 33% 
antler 16% 50% 
rib 3% 0 
scapula 3% 17% 
"A" value 0.64 0.61 

General source 
mammal 67% 83% 
avian 33% 17% 
"A" value 0.4 4 0.28 

Table 64. Specific Faunal Sources of Other Bone Tools, 
Arroyo Hondo Pueblo 

Component 1 Component 2 

B B 

Faunal sources 
deer-elk 
Qdocoileus 
Faunal "A" value 

Avian sources 
turkey 
duck 
Buteo (hawk) 
Cathartes (vulture) 
Avian "A" value 

General "A" value 

61% 89% 
7% 11% 

0 . 2 0  

18% 56% 
4% 11% 
4% 11% 
7% 22% 

0.61 

0.58 

75% 75% 
25% 25% 

0. 38 

0 
0 
0 
0 

0 . 0 0  

0. 38 

0 
0 
0 
0 

A = percentage of all other bone tools; B = per
centage of all other bone tools of given general source. 
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interestingly, the drastic decline in avian sources 

parallels the decline in awls of avian source as given in 

Table 60, and may also reflect a decision in Component 2 

to concentrate on local resources at the expense of 

resources from more distant areas, a decision consonant 

with the hypothesized decline in the role of the pueblo as 

a central place. 

Chipped Stone Tool Data 

A total of 199 chipped stone tools were recovered 

from Component 1 proveniences and 260 from Component 2 

proveniences. The data on the tool composition of each 

assemblage are presented in Table 65. In spite of a 

significant decline in the proportion of picks, hoes and 

pic preforms to the total assemblage and a similar rise in 

the proportion of core nuclei, the diversity of the total 

tool assemblage remains constant. However, the materials 

from which these tools were made present quite a different 

picture, as seen in Table 66. For lithic materials, a 

definite decline in diversity is evident, due largely to 

significant declines in the proportion of Pedernal chert 

(greater than .95 level of confidence by "z" test), 

andesite (greater than .995 level of confidence) and a rise 

in the proportion of chert (greater than .95 level of 

confidence), constituting a positive test of the central 

goods hypothesis. To the extent that differences in chert 
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Table 65. Chipped Stone Tool Types, Arroyo Hondo Pueblo 

Component 1 Component 2 

Number %age Number %age 

projectile points 31 16% 37 14% 
drill 12 6 14 5 
knife—1 edge 27 14 36 14 
knife--2 edges 13 7 21 8 
knife-scraper 11 6 11 4 
chopper 3 2 0 0 
sidescraper 16 8 34 13 
endscraper 3 2 11 4 
side-end scraper 3 2 9 4 
hoe-digging tool 4 2 3 1 
core 23 12 22 9 
core-scraper 2 1 4 2 
pick 8 4 4 2 
graver 2 1 0 0 
eccentric 1 1 0 0 
truncated core 3 2 7 3 
tabular core 2 1 2 1 
core nucleus 4 2 16 6 
bipolar core nucleus 1 1 0 0 
core nucleus-scraper 1 1 0 0 
core-hammer 8 4 5 2 
2 sided scraper 3 2 5 2 
converging side scraper 3 2 1 0 
transverse scraper 6 3 6 2 
indeterminate scraper 1 1 4 2 
spokeshave 3 2 1 0 
knife-gouge 1 1 0 0 
point blank 1 1 1 0 
gouge 1 1 0 0 
pick preform 1 1 0 0 
knife—3 edges 0 0 1 0 
bipolar core 0 0 1 0 
truncated core nucleus 0 0 1 0 
tabular core nucleus 0 0 1 0 
2 side-end scraper 0 0 1 0 
spokeshave 0 0 1 0 
scraper-graver 0 0 1 0 

Total 199 100% 260 100% 

"A" value 0.91 0,91 
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Table 66. Chipped Stone Tool Materials, Arroyo Hondo Pueblo 

Component 1 Component 2 

Number %age Number %age 

quartz 1 1 1 0 
quartzite 2 1 4 2 
chalcedony 21 11 24 9 
chert 79 40 127 49 
obsidian 27 14 37 14 
petrified wood 3 2 3 1 
Pedernal chert 27 14 24 9 
Alibates flint 3 2 2 1 
jasper 1 1 0 0 
schist 1 1 0 0 
gneiss 1 1 1 0 
andesite 18 9 10 4 
flint 3 2 4 2 
agate 10 5 18 7 
basalt 0 0 1 0 
granite 0 0 1 0 
granitic gneiss 0 0 1 0 

Total 199 100% 260 100% 

"A" value 
\ 

0.78 0.71 
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coloration reflect different sources, an assumption which is 

probably tenable in light of the distinctive coloration of 

Pedernal chert, the number of sources with which the 

Component 1 population at Arroyo Hondo proved to be more 

diverse than Component 2, providing another cross-check of 

this trend, as seen in Table 67. Relying on the color 

classifications used by Larry Linford in his analysis of the 

Arroyo Hondo lithic material, a decline can again be seen in 

the diversity of chert colors and hence, possibly in sources 

as well. In addition, the ratio of scarce obsidian to the 

more common chert declines from 27/79, or 34% in Component 1, 

to 37/127, or 29% in Component 2. Although not significant 

by "z" test, the decline does suggest a possible decrease in 

the efficiency of the trade system as measured by its 

ability to bring relatively uncommon materials into household 

consumption units which would have been of greater value in 

the performance of daily tasks as would have been the case 

with obsidian, which can take a much sharper edge than the 

more available chert. 

The chipped stone tool data were also used to test 

the reworking and multipurpose tool implications of the 

central goods hypothesis. These data can be found in Table 

68. The difference in the reworked tools ratio is not 

significant; however, the decline in multipurpose tools is 

significant at greater than .95 level of confidence, provid

ing two negative tests of the central goods hypothesis. 
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Table 67. Chert by Color, Arroyo Hondo Pueblo 

Component 1 Component 2 

red 15% 20% 
brown 34 34 
mottled clear 1 2 
gray 37 37 
white 5 6 
gold 3 6 
green 1 0 
pink 1 1 
black 0 1 
unknown 3 2 

"A" value 0.72 0.70 

Table 68. Reworked and Multipurpose Tools, Arroyo Hondo 
Pueblo 

Component 1 Component 2 

ratio %age ratio %age 

reworked tools 4 2% 8 3% total assemblage 199 2% 260 3% 

multipurpose tools 12 6% 6 2% 
total assemblage 199 6% 260 2% 
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The core and core nuclei data also provide a means 

for testing the central goods hypothesis. As predicted, 

core nuclei increase significantly in low population 

Component 2 to 6% of the total assemblage, up from 2% 

Cgreater than .95 level of confidence). More importantly, 

the ratio of exhausted core nuclei to cores actually 

increases as predicted by the hypothesis, from 4/23, or 

17%, to 16/22, or 73%, an increase significant at greater 

than a .998 level of confidence. In addition, although the 

mean lengths and widths of cores and core nuclei do not 

change through time, in contradiction to the size implica

tion of the central goods hypothesis, mean core dimensions 

show significantly less variation around the means during 

Component 1, whereas core nucleus mean length shows no such 

change in variance, and core nucleus mean width shows 

less variance in Component 2, suggesting greater utilization 

of available lithic resources during that period. 

The evidence of standardization presented by the 

data from lithic cores must be considered in conjunction 

with all eight major chipped stone tool types. The pro

jectile point and drill data are presented first in Table 

69. Again, the diversity matrix figures provide five 

negative tests of the standardization hypothesis for 

projectile points, since "A" values declined for all five 

characters. However, in contrast to the Pindi data, 

application of a "t" test failed to indicate that the means 



Table 69, Projectile Point and Drill Dimensions and 
Diversity, Arroyo Hondo Pueblo 

Projectile point 
mean length (in mm) 
standard deviation 
number of cases 

mean width (in mm) 
standard deviation 
number of cases 

"A" value 
basal notch 
base (stem) 
base shape 
corner notch 
side notch 

mean "A" value 
standard deviation 

Drill 
mean length (in mm) 
standard deviation 
number of cases 

mean width (in mm) 
standard deviation 
number of cases 

"A" value 
basal notch 
base (stem) 
base shape 
corner notch 
side notch 

mean "A" value 
standard deviation 

Component 1 

25.00 
5.00 

18.00 
13. 00 
4.00 
14.00 

0 . 0 0  
0.56 
0 . 6 6  
0.29 
0.49 
0.40 
0 . 2 6  

23.00 
6 . 0 0  

10.00 
14.00 

6 . 0 0  
9.00 

0.50 
0.57 
0.74 
0.57 
0.57 
0.59 
0.09 

Component 2 

25.00 
8.00 
23.00 
15.00 
5.00 
21.00 

0 . 0 0  
0.32 
0.57 
0.27 
0.46 
0.32 
0.21 

22.00 
7.00 
11.00 
12.00 
5.00 
10.00 

0.34 
0.62 
0.62 
0. 62 
0.62 
0.56 
0.13 
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came from different populations, suggesting that the decline 

may be more apparent than real, given the present lack of 

tests of significance for this statistical measure. In 

contrast the variation around projectile point mean length 

is greater in Component 2, as predicted, at greater than .95 

level of confidence, although there is no difference between 

the means themselves. Mean widths showed no difference 

either in means or variance, providing further negative 

indications of the larger hypothesis. 

The drill data show a decline in diversity for two 

of the five characters, but an increase in diversity as 

predicted for three characters, base (stem) , corner notch, 

and side notch, constituting three positive tests. However, 

the decline in diversity was of such a magnitude that the 

mean "A" value for all five characters actually declined 

from 0.59 to 0.56. "T" test results suggest that this may 

not be a meaningful decline, as they showed that these means 

were probably not drawn from different populations. The 

absence of significant differences in mean dimensions or the 

variance around the means between components provides 

additional evidence for inferring that diversity of the 

total drill assemblage remained roughly constant through 

time. 

The dimensional data of the six remaining major tool 

types are presented in Table 70. 
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Table 70. Dimensions of Major Chipped Stone Tool Types, 
Arroyo Hondo Pueblo 

Component 1 Component 2 

Knife—1 edge 
mean length (in mm) 35 32 
standard deviation 14 20 
number of cases 10 36 

mean width (in mm) 21 24 
standard deviation 8 15 
number of cases 26 26 

Knife--2 edges 
mean length (in mm) 3 0 28 
standard deviation 9 12 
number of cases 8 15 

mean width (in mm) 18 21 
standard deviation 5 7 
number of cases 10 18 

Knife-scraper 
mean length (in mm) 32 31 
standard deviation 6 17 
number of cases 9 10 

mean width (in mm) 21 21 
standard deviation 5 7 
number of cases 8 10 

Side scraper 
mean length (in mm) 32 29 
standard deviation 25 5 
number of cases 3 10 

mean width (in mm) 32 22 
standard deviation 19 9 
number of cases 3 11 

Core 
mean length (in mm) 57 67 
standard deviation 19 28 
number of cases 23 22 

mean width (in mm) 46 56 
standard deviation 17 25 
number of cases 23 22 

Core nucleus 
mean length (in mm) 31 27 
standard deviation 7 5 
number of cases 4 15 

mean width (in mm) 19 20 
standard deviation 8 3 
number of cases 4 16 
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The size implication of the central goods hypothesis 

states that as the site acted as a central place during the 

period of peak population, it was characterized by greater 

resource abundance, here manifested as larger mean lengths 

and widths during Component 1. None of the six artifact 

types showed significant size differences by "t" test of 

means, although five of the Component .1 lengths were indeed 

larger than those of equivalent Component 2 items. 

Examination of the variance around these mean 

dimensions in light of the standardization hypothesis 

presents a considerably different picture. Three of the 

six exhibited significantly less variance around mean 

lengths during Component 1—knife-scrapers (greater than 

.99 level of confidence), side scrapers and cores (greater 

than .95 level of confidence). Two of the six also showed 

a significantly lower level of variance for mean widths as 

well, one-edged knives (greater than .99 level of con

fidence) and cores (greater than .95 level of confidence). 

With the exception of core nuclei, the remaining dimensions 

of the other artifact types showed no significant change in 

variance between components, including two-edged knives, 

which showed no change in variance for either length or 

width. In contrast, core nuclei were the only artifacts 

to show significantly less variance during Component 2, and 

that for the dimension of width only, at greater than .95 

level of confidence. This suggests that standardization was 
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in effect at least to some degree for one-edge knives, 

knife-scrapers, side scrapers, and cores. Cores are the 

only items to show standardization of both dimensions and 

provide additional support for the contention outlined in 

Chapter IV that access to materials was restricted, rather 

than to tools, and that these materials may have distributed 

in raw or partially worked form to household consumption 

units. Standardization of dimensions represents an economy 

of scale which would permit easier transportation in terms 

of greater ease of stacking items, perhaps in the "crates" 

mentioned by Gallegos for the period of first Spanish 

contact with the Pueblo Southwest (Hammond and Rey 1940: 

28, 44). This would facilitate transport of greater volumes 

of resources, resulting in reduced cost of the resources 

to the ultimate consumer. In contrast, core nuclei show 

less variance in width in Component 2, which suggests a 

decline in resource availability reflected in total 

utilization of such items to the point where they could no 

longer be used as sources of other implements. 

Nonlocal Goods Data 

Of the bone items which have been considered 

indicative of Plains contact, only bone scrapers, beamers 

and wrenches were found at Arroyo Hondo, all in Component 1 

proveniences. Scrapers constituted 33% of the other bone 

tool assemblage (4/12) from this period, wrenches of rib 
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shaft 8% (.1/12) and beamers 17% (2/12) . Taken individually, 

none showed significant declines in Component 2 by "z" 

test, although none were found in the latter period. How

ever, taken as a group, they declined from 58% of the total 

assemblage in Component 1 to 0% in Component 2, a decline 

significant at a confidence level greater than .95, 

constituting a positive test of the nonlocal goods implica

tion of the central goods hypothesis. The bone beamers, 

tools for scraping fat from hides, provided additional 

evidence of specialized access and standardization, as both 

were found in the same room and had identical lengths of 

118 millimeters. Unfortunately, the faunal source of these 

beamers was unknown, information which could perhaps help 

identify their ultimate place of origin. 

Nonlocal lithic evidence first included two 

materials, Pedernal chert and Alibates flint. Pedernal 

chert declines from 14% of Component 1 chipped stone 

materials (27/199) to only 9% in Component 2 (24/260), a 

decline significant by "z" test at greater than .95 level 

of confidence. Alibates flint also declined from 2% of 

all materials in Component 1 (3/199) to only .8% (2/260), 

a decline which was not significant by the same test but 

which is interesting nonetheless in view of a corresponding 

decline in Pedernal chert. Of the implement types con

sidered nonlocal, snubnose scrapers and four-edged knives 

were not found in proveniences at Arroyo Hondo which could 
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be assigned to either Component 1 or Component 2. In 

opposition to the implication, side scrapers actually 

increased from 8% of the Component 1 chipped stone 

assemblage (16/199) to 13% of the Component 2 assemblage 

(34/260), an increase significant at greater than .95 level 

of confidence by "z" test, providing a negative test of the 

implication. For the implement category of drills, unworked 

bases were considered as value 8, flake, of the category 

base (stem), and "T"-shaped bases were classified as 

value 5, constriction or flange, of the category of corner 

notches. Unworked base drills comprised 21% of all 

Component 1 drills (3/14) and 8% of Component 2 drills 

(1/12), a decline of no significance by "z" test. 

Similarly, "T"-shaped base drills showed a corresponding 

decline, but again one of no statistical significance, from 

7% (1/14) to 0% (0/12). Even grouping the two types showed 

no significant change, thereby providing further negative 

tests of the implication. The general category of hammer 

and abrading stones was examined to provide information 

about the last nonlocal stone tool type, sandstone shaft 

smoothers, but none were found in contexts which could be 

assigned to either temporal component, precluding further 

testing. 

In consideration of the category of miscellaneous 

data for testing the nonlocal goods implication, data on 

pipes were unavailable for the Arroyo Hondo excavations. 
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Similarly, no cylindrical beads were recovered, so this 

category can not be used for testing the particular implica

tion of the central goods hypothesis. 

Religious Center Hypothesis 

Six plazas were determined to be of Component 1 

construction and one of Component 2, providing adequate data 

to test the plaza implication of the religious center 

hypothesis. Plaza C, the sole Component 2 plaza, was a 

closed plaza bounded on all four sides by room blocks. To 

insure comparability of results, the two enclosed Component 

1 plazas were selected for further analysis. These data 

are presented in Table 71. Comparison of areas by "t" test 

shows that the Component 2 plaza is larger than the 

Component 1 mean at greater than .95 level of confidence. 

This initial negative test is misleading, however. To the 

extent that Arroyo Hondo was in fact acting as a central 

place for its region, a constant increase in the size of 

the complementary region was needed in order to prevent 

consumer saturation, that is, to avoid the condition in 

which consumers have sufficient quantities of household 

maintenance items, creating a drop in demand. If plazas 

were connected with religious and social functions which 

helped create a greater influx of people into the site, 

the best way to deal with this influx is through utiliza

tion of open-ended space. Accordingly, it is significant 
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Table 71. Plaza Areas, Arroyo Hondo Pueblo 

Component 1 plazas 
Plaza F area 208.0 m2 
Plaza G area 196.0 m2 
mean area 202.0 m 
standard deviation 8.5 

Component 2 plaza 
Plaza C area 330.0 m2 

that four of the six Component 1 plazas were open-ended in 

the sense of lacking room block boundaries on at least one 

side, and that no such plazas were found for the Component 2 

period of reduced population and lack of centrality. 

Accordingly, these open-ended plazas constitute a positive 

test of the plaza implication of the larger hypothesis. 

Kiva Data 

Six kivas were excavated, five with construction 

dates clustering around A.D. 1320, Component 1, and one with 

construction dates around A.D. 1370, Component 2. This 

latter kiva, Kiva C, was the only Component 2 ceremonial 

structure (John Beals 1976, personal communication) and was 

burned toward the end of the Classic occupation of Arroyo 

Hondo, around A.D. 1420. The areal data of Arroyo Hondo 

kivas are presented in Table 72. Area of Kiva 12-14-16 

(Component 1) could not be determined and was omitted from 

further analysis. Again, initial results of a "t" test 
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Table 72. Kiva Areas, Arroyo Hondo Pueblo 

Component 1 kivas 
Kiva G area 
Kiva 12-D-2 area 
Kiva 12-D-3 area 
Kiva J area 
mean area 
standard deviation 

17.3 ml 
18,0 nr 
46.0 m2 
88.2 m2 
42.4 m2 
33.3 

Component 2 kiva 
Kiva C area 44.2 m 2 

provide a negative test of the implication by showing no 

significant difference in area between Components. However, 

the presence of Kiva J with an area twice that of the sole 

Component 2 kiva suggests that in fact religious structures 

of Component 1 could accommodate more people as would be 

expected from the operation of the site as a religious 

center for the region. Examination of construction dates 

(summaries provided by John Beals) provide tentative support 

for this conclusion. Kiva G, the smallest in area, was 

constructed between A.D. 1315 and 1325; Kiva 12-D-2, the 

next smallest, in the early 1320's. In contrast, Kiva 

12-D-3 has an area 2.55 times that of Kiva 12-D-2 and was 

evidently built toward the mid 1320*s. Kiva J, the largest 

in area of all Arroyo Hondo Kivas, was constructed toward 

the end of the 132O's, This construction sequence indicates 

a marked increase in kiva size through time, an increase 

again to be expected with a rise in both site population and 
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in the size of the complementary region, following the 

approach of the geographers Harris and Ullman (1945). 

The results of the test implications of the hypoth

eses of standardization and cost reduction at Arroyo Hondo 

Pueblo are summarized in Table 73. Evidence suggests that 

lithic materials were probably distributed in partially 

worked form to individual households for further manufacture, 

as seen in the contrast between standardization of lithic 

cores and the general lack of such manipulation for other 

lithic implements. Arroyo Hondo seems to have functioned 

as a central place, judging from the diversity of bone awl 

faunal sources, lithic materials, bone awl assemblage. The 

contrast between lithic material diversity and chipped stone 

tool types diversity provides additional evidence for 

specialized distribution of this resource, rather than 

finished lithic products. Operation of this economy of 

scale may have resulted in greater abundance of this 

resource class during Component 1, as seen in the positive 

test of the core nucleus/core test, and the greater 

standardization of one dimension of core nuclei during 

Component 2, due to resource scarcity. Central place status 

is further confirmed by the positive tests of the nonlocal 

goods implication, especially for Plains-type bone imple

ments and nonlocal lithic resources. The negative test for 

Alibates flint may be more apparent than real in view of the 

very low frequency of such items during both components, 
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Table 73. Standardization and Cost Reduction Test Results, 
Arroyo Hondo Pueblo 

Standardization hypothesis 
bone awl mean 
other bone tool 0 
chipped stone tool 
projectile point 
basal notch "A" 
base (stem) "A" 
base shape "A" 
corner notch "A" 
side notch "A" 
mean "A" 
mean length + 
mean width 

drill 
basal notch "A" 
base (stem) "A" + 
base shape "A" 
corner notch "A" + 
side notch "A" + 
mean "A" 
mean length 
mean width <-

knife—1 edge 
mean length -
mean width + 

knife--2 edge 
mean length 
mean width 

knife-scraper 
mean length + 
mean width 

sidescraper 
mean length + 
mean width 

core 
mean length + 
mean width + 

core nucleus 
mean length 
mean width -

Central goods hypothesis 
awl 
faunal source 
general source "A" -
specific source "A" + 

bone type "A" 
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Table 73.—Continued Standardization and Cost Reduction 
Test Results, Arroyo Hondo Pueblo 

tool type 
total assemblage "A" + 
splitting "A" -
articular end "A" -
tip "A" -
general awl "A" 

other bone tool 
faunal source 
general source "A" + 
specific source "A" + 

bone type "A" + 
tool type assemblage "A" + 

chipped stone tool 
materials "A" + 
tools "A" 

reworking 
multipurpose -
size 
awl + 
other bone tool 0 
chipped stone tool 
projectile point 
drill 
knife—1 edge -
knife—2 edge 
knife-scraper 
sidescraper 
core -
core nucleus -

core nucleus/core + 
non-local goods 
bone 
beamer + 
scraper + 
eyed needle 0 
rib shaft wrench + 
antler rubbing tool 0 

stone 
Pedernal chert + 
Alibates flint 
snubnose scraper 0 
sidescraper 
four-edged knife 0 
drill 
unworked base 
"T"-shaped base 
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Table 73.--Continued Standardization and Cost Reduction 
Test Results, Arroyo Hondo Pueblo 

sandstone shaft smoother 0 
miscellaneous 
cylindrical bead 0 
elbow pipe 0 

Religious center hypothesis 
plaza + 
kiva + 

Small site abandonment r 

a+ = positive test; - = negative test; 0 = insuffi
cient data; r = test accepted as positive on regional basis. 
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although a decline was noted. The hypothesized role of 

religious institutions in supporting the central place and 

possibly increasing its complementary market region is 

borne out by the size changes in plazas and kivas at 

Arroyo Hondo Pueblo. The evidence from surveys and 

regional reports showing decline and erosion in small sites 

throughout the region provides additional evidence for the 

centrality of Arroyo Hondo during its period of maximum 

population growth, Component 1. 

General Evaluation of the Hypotheses of 
Standardization and Cost Reduction 

A summary of the test results for all three pueblo 

sites is presented in Table 74. In Chapter IV it was noted 

that Pindi showed evidence of restricted access to and 

uneven distribution of bone tools during its period of 

maximum population, in contrast to Cuyamungue and Arroyo 

Hondo. This evidence of possible specialization either in 

the production of such tools or in items made with their 

use is reinforced by the positive test of the bone awl mean 

implication at Pindi alone among the three sites. 

The Arroyo Hondo data indicate that lithic materials 

were distributed to individual household consumption units 

in the form of prepared cores during the Component 1 period 

of maximum population growth. These were then reworked 

further by individual households. Unfortunately, the 

paucity of the data prevented reliable assessment of this 
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Table 74. General Evaluation of Standardization and Cost 
Reduction 

Pindi Cuyamungue 
Arroyo 
Hondo 

Standardization hypothesis 
bone awl mean 
other bone tool 
chipped stone tool 
projectile point 
basal natch "A" 
base (stem) "AM 
base shape "A" 
corner notch "A" 
side notch "A" 
mean MA" 
mean length 
mean width 

drill 
basal notch "A" 
base (stem) "A" 
base shape "A" 
corner notch "A" 
side notch "A" 
mean "A" 
mean length 
mean width 

knife—1 edge 
mean length 
mean width 

knife-—2 edge 
mean length 
mean width 

knife-scraper 
mean length 
mean width 

sidescraper 
mean length 
mean width 

core 
mean length 
mean width 

core nucleus 
mean length 
mean width 

+ 
0 

0 
0 
0 
0 
0 
0 
0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

+ 
+ 

+ 
+ 
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Table 74.--Continued General Evaluation of Standardization 
and Cost Reduction 

Pindi Cuyamungue 
Arroyo 
Hondo 

Central goods hypothesis 
awl 
faunal source 
general source "A" 
specific source "A" 

bone type "A" 
tool type 
total assemblage "A" 
splitting "A" 
articular end "A" 
tip "A" 
general awl "A" 

other bone tool 
faunal source 
general source "A" 
specific source "A" 

bone type "A" 
tool type assemblage "A" 

chipped stone tool 
materials MA" 
tools "A" 

reworking 
multipurpose 
size 
awl 
other bone tool 
chipped stone tool 
projectile point 
drill 
knife—1 edge 
knife—2 edge 
knife-scraper 
sidescraper 
core 
core nucleus 

core nucleus/core 
non-local goods 
bone 
beamer 
scraper 
eyed needle 
rib shaft wrench 
antler rubbing tool 

0 
0 
0 
0 

0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
+ 
0 
0 
0 

0 
0 
0 

0 
0 
0 
0 

0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

+ 
+ 
+ 
+ 

+ 
0 

+ 
+ 
0 
+ 
0 
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Table 74.—Continued General Evaluation of Standardization 
and Cost Reduction 

stone 
Pedernal chert 
Alibates flint 
snubnose scraper 
sidescraper 
four-edged knife 
drill 
unworked base 
"T"-shaped base 

sandstone shaft smoother 
miscellaneous 
cylindrical bead 
elbow pipe 

Religious center hypothesis 
plaza 
kiva 

Small site abandonment 

Arroyo 
Pindi Cuyamungue Hondo 

0 0 + 
0  0 -
0 0 0 
0  0 -
0 0 0 

0  0 -
0  0 -
+ 00 

0 0 0 
0 0 0 

0 0 + 
- 0 + 

r r r 

a 

+ = positive test; - = negative test; 0 = insuffi
cient data; r = test accepted as positive on regional basis. 
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practice for the other two sites. Some possible standardiza

tion in chipped stone tool dimensions is indicated for one 

edge knives, knife-scrapers and sidescrapers as well at 

Arroyo Hondo but the test results are far more uneven. 

Both Pindi and Arroyo Hondo appear to have acted as 

central places for their region in terms of the diversity 

of chipped stone materials and bone awl assemblages. The 

abundance of materials during peak population periods 

which was a function of this role is evident in awl size 

at Arroyo Hondo, and positive tests of the non-local goods 

implication at both Pindi and Arroyo Hondo. Decreasing 

abundance as population declined is shown by an increase in 

the ratio of core nuclei to cores at Arroyo Hondo. 

As predicted from central place theory and other 

studies of geographical location, Arroyo Hondo's role as 

central place was buttressed by its role as a religious 

center for its region. Boht plazas and kivas at Arroyo 

Hondo were capable of accommodating larger groups of people 

during Component 1 than the succeeding period of reduced 

population, Component 2. Indeed, the sequence of kiva 

construction shows a progression of continually larger 

kivas, culminating in one with over twice the area of the 

single Component 2 kiva. Accordingly, the possibility of 

differential site specialization adduced in Chapter IV is 

further confirmed, and the roles of at least Pindi and 
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Arroyo Hondo as central places with resultant abandonment of 

small sites in their vicinity is also indicated. 



CHAPTER VI 

BANKING 

From the ecological model of trade which has been 

developed, a corollary hypothesis of banking can be derived. 

As favorable environmental conditions produce seasonal crop 

surpluses, more persons will resort to banking these sur

pluses in other items under pressure from increasing popula

tion to reduce or minimize risk in future times of scarcity. 

In the Near East, such banking took the form of caprine 

domestication (Flannery 1969); in Mesoamerica, trade 

accomplished the same end (Sanders and Price 196 8). Such 

trade does not need to be restricted to differentially 

occurring natural resources. In a study of long distance 

canoe trading in the Vitiaz Strait area of New Guinea pre

dating European pacification of the area, Harding saw eco

logical complementarity as highly significant. In this 

case, trading permitted more local specialization in areas 

with seasonal shortages occurring at different times of 

year. However, trading also permitted more local special

ization in such areas which were not forced to diversify 

production inefficiently in order to avoid risks of 

periodic scarcity. Here specialization has gone far beyond 

the level of mere ecological variation to the point, for 

268 
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example, where peoples possessing ample raw materials for 

canoe manufacture rely exclusively on imported canoes 

(Harding, 1967). 

When surpluses are banked in luxury goods, they are 

most likely to be invested in the luxury goods of the most 

value. A comparable practice in modern times to banking in 

trade has been the purchase of diamonds and other gems, 

portable and easily converted wealth, in times of surplus as 

a precaution against future adversity. Similarly, Gertrude 

Hill (1939) has noted that in the Spanish and Mexican 

periods of Southwest history, and to some extent even today, 

the Navajo exchanged blankets for Pueblo turquoise, shell 

beads, and buffalo robes. Among themselves, these goods 

were used as currency in the exchange of cattle, sheep, 

horses, blankets, and other foodstuffs. In terms of the 

relative value of various luxury goods, one function of ex

change or trade is to increase the value of commodities by 

changing their location (cf. Alexander, 1963). In this 

connection, economic geographers such as Isard (1956) have 

long noted that, in an indirect sense, transport inputs 

(i.e., the movement of a unit of weight over a unit of 

distance, such as pound/miles) correspond to the exertions 

of effort and other factor services required to overcome 

resistance encountered in movement through space where re

sistance is in the form of friction. The more energy in

vested in the transportation or final processing (an example 
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of a factor service) of an item, the more valuable it 

becomes. Accordingly, luxury goods can now be defined as 

low-frequency goods of obviously non-local origin. Their 

low frequency indicates they are not destined for mass con

sumption, an indication supported by the lack of standard

ization of such items, for a characteristic of mass markets 

is the need for mass production of standardized goods. Such 

mass production is seen in the standardization of goods, as 

has already been discussed in Chapter V (after Fisk, 1967). 

For the purposes of analysis, luxury goods of high, 

medium, and low energy inputs can be differentiated. High-

energy goods are those requiring considerable energy input, 

for production, either in the form of energy expended in 

transportation, in manufacture, or both. Examples would 

include shell pendants and shell disc beads, both of which 

are made of raw materials native to the Gulf of California 

and the Pacific Coast and which involve considerable time 

and effort in manufacture, as do the comparable modern 

heishe of shell manufactured at Santo Domingo Pueblo in New 

Mexico. Medium-energy luxury goods require considerable 

effort in manufacture, but involve less expenditure of 

energy over distance, such as disc and cylindrical beads and 

pendants of turquoise and other stones from the region of 

New Mexico and Arizona. Finally, low-energy luxury goods 

are those made locally of readily obtainable materials and 

involving little effort to arrive at final form, such as 



271 

bone tubes and jewelry made of local plant products, such 

as juniper berries. 

For luxury goods to serve as a means of banking 

environmental surpluses they must function as part of a 

viable, ongoing economic system; accordingly, burying such 

items with deceased individuals effectively removes them 

from that system. If, as predicted by the model, banking 

behavior is at a maximum during periods of peak population, 

the material culture correlates of such behavior, here 

luxury goods, should undergo predictable changes in fre

quency of occurrence in burials. Fewer high-energy goods, 

the most valuable, should be deposited in graves of the peak 

population period; at the same time, low-energy luxury goods 

should be at their peak as they assume the function(s) pre

sumably performed by high-energy goods during periods of 

lesser population density. In contrast, burials dating from 

periods of reduced population should be characterized by 

more high-energy luxury goods and fewer low-energy ones as 

the need to invest in luxury goods against adversity is 

reduced. Medium-energy luxury goods should show no sig

nificant changes in frequency. These constitute the energy 

implication of the banking hypothesis. Knowledge of the 

precise socioreligious functions of such goods is not needed 

to test the implied change in their economic functions. 

This implied change can be further tested by examining the 

extent to which damaged items are placed in burials. Those 
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high-energy goods appearing in burials dating from high 

population periods are likely to have been damaged before 

interment or, in other words, sufficiently spoiled in every

day life that mending or reworking them into other items 

was impossible. Such spoilage would prevent the item from 

serving as a token of economic surplus. This implication of 

pre-burial damage has received support from studies of 

burial goods at Grasshopper Pueblo, a large Mogollon village 

in east-central Arizona dating to the same Pueblo IV time 

period as the sites under study here (Bronitsky, 1974b, 

1976). 

Similarly, as banking behavior is maximized during 

periods of peak population, an increasingly disparate depo

sition of these luxury goods in burial and non-burial con

texts should occur. When the frequency of these luxury 

goods is at a minimum in burials, their occurrence in other 

proveniences should be greatest. To the extent that such 

items assume economic functions, as opposed to purely 

socioreligious ritual ones, more should be found in secular 

contexts indicating loss, such as a few beads or pendants 

in trash middens, that is, in secondary refuse (refuse 

deposited away from its place of origin; cf. Reid, 1973). 

These form the basis for the context implication of the 

luxury goods and banking hypothesis. 

Of the three sites under consideration in this, 

analysis, only one, Arroyo Hondo, had data of adequate 
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quality to allow testing of the implications outlined above. 

Burials from Pindi could not be broken down into intra-site 

time periods of deposition, and information on accompanying 

grave goods was often lacking. Burial data from Cuyamungue 

were in the form of original notes but it was impossible to 

determine the extent, if any, to which these records were 

lacking in completeness in terms of the total number of 

burials recovered during excavation. For Arroyo Hondo, 

burials could be subdivided by period of deposition, and 

records were readily available on all burial goods. This 

information was a product of the research of Ann Palkovich, 

osteological analyst for the Arroyo Hondo excavations. 

Without her assistance, this section of the research would 

not have been possible. 

Arroyo Hondo Pueblo 

A total of 107 burials were recovered from Component 

1 proveniences. Twelve burials were found in Component 2 

proveniences. 

Energy Implication 

A complete summary of Arroyo Hondo mortuary goods 

by burial may be found in Appendix B. The frequency of 

occurrence of luxury goods in burials at Arroyo Hondo are 

presented in Table 75. As predicted, there was no change 

in the frequency of medium-energy luxury goods (stone 

ornaments) in burials. The increase in frequency of 
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Table 75. Luxury Good Frequencies in Burials, Arroyo 
Hondo Pueblo 

Component 1 Component 2 

High-energy goods .07 .33 

Low-energy goods .04 .00 

Medium-energy goods .08 .08 

high-energy shell goods was significant at greater than .998 

level of confidence by "z" test, and greater than .99 level 

2 of confidence by a x test, a nonparametrie measure which 

was used as a check on the validity of using the "z" test. 

Only the low-energy goods appear to contradict the implica

tion of the banking hypothesis by showing no significant 

change in frequency of occurrence. However, the frequency 

presented in Table 75 represents occurrence of bone items 

only, in the form of four bone tubes. In addition, one 

Component 1 burial was interred with a necklace of 177 

juniper seed beads, which suggest that the frequency of such 

low-energy goods was indeed at a maximum during Component 1, 

the period of greatest population at Arroyo Hondo, and 

constitutes a positive test of the implication. The sole 

occurrence of juniper seed ornaments is especially signifi

cant, since it is just such locally-made low-energy luxury 
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goods which are most likely to be affected by factors of 

preservation; none of the other luxury goods are susceptible 

to soil pH. Accordingly, some plant luxury goods may simply 

not have been preserved, skewing the results. As a cross

check, the ratio of high energy to medium- and low-energy 

2 
goods was compared by x test, with bone tubes alone con

sidered as low-energy goods. This ratio was 7/12 (.5 8) in 

Component 1, and 6/1 (6.00) in Component 2. The noticeable 

increase in high-energy goods in relation to all other 

luxury goods recovered from burials is in accord with the 

energy implication, an increase significant at greater than 

.99 level of confidence. 

Damage Implication 

An undisclosed number of shell fragments were found 

with a Component 1 burial (12-18-8 VII-3); no damaged items 

were found with Component 2 burials. Although the lack of 

numbers of fragments prevents further statistical testing, 

the test is considered a positive one of the implication, 

considering that no such damaged goods were found in the 

period of lower population. This positive test is even 

more interesting in light of the fact that the only broken 

items found in burials were shell, the high-energy luxury 

goods as defined earlier. This adds weight to the conten

tion that these shell items were the most valued of the 
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luxury goods available to the prehistoric inhabitants of 

Arroyo Hondo. 

Context Implication 

This implication was examined in terms of the ratio 

of luxury goods of the three different classes found in 

burials to the total of such goods found in all other 

contexts at the site. Implicit in this is the assumption 

that these other contexts are all secular ones, rather than 

religious. Examination of the provenience of these items 

indicated that none came from kivas, supporting the assump

tion. Given the existence of religious society rooms 

within roomblocks at modern Rio Grande pueblos, the possi

bility exists that some of the goods under consideration 

came from such rooms, but this could not be further tested 

with the data at hand. These ratios are presented in 

Table 76. As predicted, the ratio for high-energy goods 

was lowest during Component 1 and rose in Component 2, the 

period of lower population, a rise significant at greater 

than .995 level of confidence by "z" test, and greater than 

2 
.95 level of confidence by x test. At the same time, low-

energy goods show no significant change, again suggesting 

that these were the least-valued of luxury goods. However, 

medium-energy luxury goods such as stone ornaments actually 

show a decline in the frequency of such items found in 

burials as conpared to items from all other contexts, a 
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Table 76. Luxury Goods Contexts, Arroyo Hondo Pueblo 

Component 1 Component 2 

High-energy goods 

burial contexts 
all other contexts 

7 
57 

6 
14 

frequency 0.12 0 .43 

Medium-energy goods 

burial contexts 
all other contexts 

8 
24 

1 
20 

frequency 0.33 0 .05 

Low-energy goods (bone tubes only) 

burial contexts 
all other contexts 

4 
52 

0 
18 

frequency 0.08 0 .00 

decline significant at greater than .95 level of confidence 

by "z" test. This decline may reflect a greater substitu

tion of medium-energy goods for high-energy ones as Arroyo 

Hondo declined as a central place with resultant decrease 

in diversity and volume of items coming into the system. 

Such an explanation is countered by the positive tests of 

the energy implications for all three energy classes dis

cussed earlier. Application of a x2 test suggests the 

decline may be more apparent than real, for the difference 

was not significant at a .95 level of confidence or above. 
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The results of the test implications of the banking 

hypothesis for Arroyo Hondo Pueblo are summarized in Table 

77. The results of the test implications of the banking 

hypothesis indicate the differential utilization of luxury 

goods in a prehistoric economic system. 

Table 77. Banking Test Results, Arroyo Hondo Pueblo 

Context implication 
high-energy goods + 
medium-energy goods 
low-energy goods 

+ = positive test 
- = negative test 

High-energy goods such as shell items served as 

tokens of economic surplus as indicated by their scarcity 

in burials during periods of high population, when the need 

to maximize resources was presumably at its greatest. 

Those high-energy goods which did appear in burials were to 

some extent damaged by use, invalidating their economic use. 

At the same time, the greatest disparity in depositional 

Banking Hypothesis 
Energy implication 

h:gh-energy goods 
medium-energy goods 
low-energy goods 
high/low energy goods 

+ 
+ 
+ 
+ 

Damage implication + 
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context occurs/ with significantly more high-energy goods 

found in secular, non-burial contexts. In contrast, low-

energy luxury goods such as bone tubes and seed jewelry are 

found in greatest numbers in Component 1 burials, the period 

of greatest population at Arroyo Hondo. None of these items 

found in burials were damaged before deposition, and the 

ratio of items found in burials to those found in other 

contexts shows no appreciable change. Medium-energy luxury 

goods, those requiring effort and energy input in terms of 

transport-units and manufacture to arrive at final form but 

to a lesser extent than high-energy goods, show no change 

in frequency of occurrence in burials between components. 

None of the stone beads and pendants in this class of luxury 

goods showed signs of damage from use before deposition in 

graves. However, they may have at least partially assumed 

the economic functions of the high-energy luxury goods after 

Arroyo Hondo went into a decline as a central place, but 

such a change must remain purely speculative in view of the 

ambivalent test results of the implications deduced from 

the general banking hypothesis. 



CHAPTER VII 

SUMMARY AND CONCLUSIONS 

The research presented in this study can be eval

uated at several levels of theoretical understanding. Three 

basic questions will serve as foci of this evaluation. 

1. Has the research provided new information about the 

prehistoric inhabitants of the northern Rio Grande 

and about prehistoric economic processes in general? 

2. Has the utility of museum collections been demon

strated in connection with theoretically-oriented, 

non-typological studies? 

3. What are the advantages of models based on general 

ecological principles for the archaeologist? 

Information 

The Pueblo IV period under study here was defined in 

the Pecos classification as "the stage characterized by 

contraction of area occupied; . . . and, in general, by 

decline from the preceding cultural peak" (Kidder 1927:490). 

Later, Roberts (1935) referred to it as the "Regressive 

Pueblo Period." However, further research has indicated 

that the period was one of cultural readjustment after a 

period of shifting populations, with the beginnings of a 

Pueblo renaissance as seen in the construction of large 

280 



281 

villages and the creation and elaboration of new ceramic 

art styles (e.g., Sikyatki polychrome) (cf. Wormington 

1961:107ff, Tuggle 1970:120-123). The analysis presented 

has suggested that the visible changes in population growth 

and differentiation were accompanied by and integrally 

related to changes in the economic structure of Pueblo 

life. As agricultural practices were intensified in order 

to support the massive population increases due in part to 

the influx of new peoples into the Rio Grande region, 

hunting declined in importance and some non-agricultural 

activities were rescheduled away from seasons requiring peak 

human labor inputs in agricultural pursuits. At the same 

time, access to basic animal and plant resources was be

coming restricted as indicated from a consideration of 

storage facilities and grinding implements, suggesting the 

rise of differential access to the most productive farm

lands. To offset this trend, villages or village subunits 

began to specialize in the production of different craft 

items, Pindi resorting to bone tool production or use, and 

Arroyo Hondo to production or use of hammer and abrading 

stones, shown from distribution of the items and variance of 

physical dimensions. This pattern has been noted for late 

prehistoric ceramic production in the same area (Warren 

1969), and continued into the historic period as known for 

Jemez basketmaking, Hopi woven textiles, and even production 

of wicker and coil basketry and pottery among the individual 
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Hopi villages. Such specialization is linked to the action 

of trade as a controller, increasing the number and diver

sity of energy inputs into the local system. Accompanying 

this specialization was a rise in mass production in order 

to reduce production costs and increase market size and 

number of potential customers. Evidence at Arroyo Hondo 

indicates this took the form of mass production of cores 

during the period of maximum population, which were then 

distributed to individual household consumption units for 

further consumption. 

Costs to consumers were also reduced by the opera

tion of sites as central places for their regions, a role 

aided by religious functions as well. Their success as 

central places was probably in some measure responsible for 

the decline of surrounding site, an economic expression of 

the phenomenon of competition in other biotic communities 

(cf. Pimentel 1966:17). Under competitive stress, members 

of affected populations resorted to banking local, seasonal 

crop surpluses in other items, the "luxury goods" so 

prevalent in the archaeological literature. People invested 

in the items of most value, as determined by transport 

inputs needed for the goods to arrive at their final form 

and location. Less valuable goods began to substitute for 

more valuabl e ones in fcinerary practices, a substitution 

accompanied by a rise in placement of damaged, economically 

worthless goods in graves. Goods of greatest value instead 
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appeared in secular contexts of storage and loss during the 

period of maximum population to a far greater extent than 

in the periods of reduced population. This new information 

contradicts previously-held pictures of prehistoric Pueblo 

life, pictures of basically self-reliant farmers in a region 

where basic resources were evenly distributed so that com

merce in essentials was at best minimal (Leone 1968a:123). 

Museum Collections 

The three sites under investigation in this study 

were selected to provide a range of archaeological reporting. 

As archaeologists, we are continually engaged in the ex

ploitation of a non-renewable resource. Accordingly, we 

must take steps to insure that resource base lasts as long 

as possible. One of the leading proponents of this con

servation approach to archaeology has been William Lipe 

(1973:3), who sees excavation as only a part of a larger 

resource-management responsibility. This responsibility 

includes taking positive measures aimed at site conserva

tion, measures which have as their goal the identification, 

protection, and management of the archaeological resource 

base for maximum longevity. In this, museums have a vital 

storage function. 

One of the strengths of archaeology is that 
even after the site is gone, the archaeologist's 
records and collections may be studied again 
with new interpretations and even new observa
tions actually resulting (Lipe 1973:50). 
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Of the three museum collections studied, the Cuyamungue 

collection proved the least amenable to restudy. Results 

of the excavation were never published and only a master's 

thesis and incomplete excavator's notes and artifact col

lections remain. As a result, most hypotheses could not be 

tested, due to insufficient data and those which were 

tested had to be taken as only the most tentative indica

tion of prehistoric processes. A major drawback was the 

lack of knowledge to what extent artifacts in collection 

represented the original collections made during excava

tion. In contrast, Pindi is known from a monograph which 

was written shortly after excavations were completed and 

which is one of the best in the Rio Grande region. Here 

again, items were missing from the collection in the 

Laboratory of Anthropology of the Museum of New Mexico, 

although not to the extent of the Cuyamungue materials. The 

large number of test implications examined for each hypoth

esis and the diverse nature of the data considered helped 

overcome problems of artifact retention in the collection 

by providing at least one implication which could be 

adequately tested for each hypothesis. The third and last 

under consideration, Arroyo Hondo, has just been excavated 

and is the subject of several preliminary reports. A 

series of monographs on materials recovered during the 

excavations are now in press. Analysis of these materials 

was aided by the knowledge that all excavated items had been 
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retained and were consequently available for study and by 

the presence of the crew chiefs and material analysts, who 

gave generously of their time and unpublished manuscripts. 

This site provided the broadest range of information on 

which to test the implications of the various hypotheses 

derived from the general trade model. Accordingly, Arroyo 

Hondo provided a control against which the validity and 

reliability of trends and conclusions from the other two 

sites could be assessed. 

In judging the value of sites not excavated by the 

researcher for problem-oriented archeological studies, it 

should by now be apparent that the primary factor is com

pleteness of available data and records. Many archeologists 

tend to denigrate museum studies in favor of the information 

collected through their own exertions. This research indi

cates that data gathered by others can be of equal or 

greater value when analyzed in a problem-oriented framework 

covering a wide and disparate range of observations from 

several sites so that both implications and sites can serve 

as cross-checks for trends and conclusions derived from 

observation of one or a few categories of data. 

Ecology and Archeology 

The model of trade based on ecological concepts of 

energy flow which has been tested in this research has 

several advantages for archeological inquiry. First it does 
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not employ an untested assumption of regional resource 

homogeneity but instead realizes the significance of 

regional microvariation in net energy output as dependent 

on fluctuations in local climatic variables such as rain

fall. Following White (1954:5-6), this approach assumes 

that a cultural system serves the needs of a human popula

tion and that the functions of the system require energy. 

The accomplishments of a cultural system and its degree of 

development are seen as ultimately related to the amount of 

energy harnessed and put to work. However, the model pre

sented here has attempted to specify those mechanisms which 

increase energy input into the human population system and 

related these to environmental variations by postulating 

trade as a controller mechanism. Furthermore, the model is 

diachronic and presents a sequence of mutual interaction 

among several variables such as increasing population 

density and employment of measures of agricultural intensi

fication as a corollary of which trade becomes important to 

continued system survival. Use of ecological models and 

principles has enabled this change to be seen as an example 

of the general increase in complexity of structure or 

activity noted for ecosystems as a class, with the evolution 

of each part in the direction of optimizing some function in 

the presence of an environment provided by the other parts 

(after Levins 1968:103). In contrast, other current efforts 

have instead focused on the construction of typologies of 
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trade interactions while failing to explicitly relate trade 

to the actions of other cultural subsystems (e.g., 

Stjernquist 1965-1966). Such a lack is also found in 

earlier studies emphasizing traders and diffusion (for 

instance, see Schroeder 1963, 1965, 1966). Still other 

studies have been bound by the limits imposed by natural 

variations in resource distribution (e.g., Sanders and 

Price 1968) while ignoring the possibility and significance 

of variation within regions or ecozones (e.g., Zubrow 

1971b). Finally, the cybernetic approach has also permitted 

the deduction and testing of implications which have tested 

the relation of system survival to the number of energy 

sources feeding into that system, an approach analogous to 

what Geertz (1970) has called the patterned interchange of 

energy among ecosystem components. 

In 1930, a Southwestern archeologist stated that 

although trade may have been important and items may have 

been important and items may have been bartered several 

times, "their exact story, unfortunately, can never be 

known" (Roberts 1930:155). Such a view has been aptly 

criticized by many archeologists. In a discussion of 

traditional ideas of the limitations of the archeological 

record, Binford noted that these have as their underlying 

premises the assumption that the archeological record is 

incomplete and lacks the non-material features of the human 

system under investigation (Binford 1968:18-23). To this, 
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Binford (1968:22) offered the rebuttal that both these 

notions are highly questionable; the challenge to the 

archeologist is the development of means which will permit 

extraction of information relevant to most components of 

the extinct sociocultural systems under study, if not in 

fact all such system components. Homo sapiens, like other, 

non-human organisms, interacts not only with the abiotic 

components of his ecosystem and the other species which may 

inhabit it but with members of his own species as well. A 

better understanding of ecological concepts, especially as 

they deal with the flow of energy through dynamic, living 

systems, and the employment of more knowledgeable and 

explicitly testable models embodying such concepts will 

enable archeologists and students of the human species in 

general to approach an understanding of this total inter

action. 



APPENDIX A 

CODING FORMS AND KEYS 

Provenience 

Room Block or Kiva 
000 general 
P plaza 
E extra-site 
T trench 
X shrine 
R refuse 

Room 
000 general 

First Provenience 
1 floor 
2 fill 
3 surface 
4 subfloor 
5 cist 
6 trench 
7 subfloor 
8 wall 
9 other 
0 general 

Second Provenience 
0 general 
1 does not apply 

For burials, 8 in comment, burial number in Room number. 
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01 

01 
02 
03 
04 
05 
06 
07 
08 
09 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 

24 

25 
26 

27 
28 

29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
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Lithic Debris 

quartz 45 
quartzite 46 
chalcedony 47 
micaceous schist 48 
sandstone 49 
fine-grained igneous rock 50 
basalt 51 
tuff 5 2 
calcite 53 
shale 54 
turquoise 55 
red chert 56 
brown chert 57 
yellow chert 58 
mottled clear chert 59 
banded chert 60 
gray chert 61 
black chert 62 
white chert 63 
gold chert 64 
chert-color not recorded 65 
black opaque obsidian 66 
black transparent 6 7 
obsidian 6 8 
black translucent 69 
obsidian 70 
gray opaque obsidian 71 
gray translucent 72 
obsidian 73 
wavy/banded obsidian 74 
obsidian—color not 75 
recorded 76 
limestone 77 
fluorite 78 
siltstone 79 
vesicular basalt 
dolomite 
limey shale 
baked clay 
petrified wood 
translucent gypsum 
orange chert 
kaolin 
rhyolite 
hornblende schist 
Pedernal chert 
Alibates flint 
jasper 

white sandstone 
yellow sandstone 
pumice 
selenite 
mi ca 
schist 
granite 
quartzite conglomerate 
granitic gneiss 
gneissic schist 
gneiss 
andesite 
conglomerate 
greenstone 
hematite 
gray flint 
variegated chert 
gray agate 
brown flint 
amber agate 
brown agate 
pink agate 
white agate 
clear agate 
gold agate 
purple agate 
feldspar 
metamorphic 
aragonite 
mudstone 
green chert 
pink chert 
red agate 
purple chert 
jet 



Lithic Debris—Unworked Flakes Form 

Site 1 1 1 1 1 1 1 I 1 1 

Room Block 
or Kiva 1 1 1 1 1 1 1 1 1 1 

Room 1 1 1 1 1 1 

1st 
Provenience 
2nd 
Provenience 1 1 1 1 1 

Artifact 
Type 1 1 1 1 1 

Artifact 
Number 1 1 1 1 1 1 1 1 1 1 1 1 

Material 1 1 1 1 1 
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02 Bone and turtle debris 

General Source 

1 avian 
2 mammal 
3 unknown/not recorded 
4 antler 
5 turtle 

Unworked Bone Fragments 

Site i 1 1 1 1 1 1 1 
Room Block 
or Kiva 1 1 1 1 1 1 1 1 1 1 

Room 1 1 1 1 1 1 1 
1st 
Provenience 
2nd 
Provenience 1 1 1 
Artifact 
Type 

I 
i 1 1 1 1 

Artifact 
Number 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
General 
Material 
Specific 
Material 1 1 
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03 Shell Fragments 

Siab type 

1 unknown 
2 marine bivalves 
3 freshwater (Unionid) mussel 
4 Conus 
5 snail 

Shell Fragments 

Site 1 1 1 1 1 1 1 1 

Room Block 
or Kiva 1 1 1 1 1 1 

Room 1 

1st 
Provenience 
2nd 
Provenience 1 1 1 1 1 

Artifact 
Type 1 1 

Artifact 
Number 1 1 1 1 1 1 1 1 1 1 1 1 

Material 1 1 1 
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04 Ceramic Artifact 

Subtype 

01 pinch pot 
02 miniature ladle 
03 human figurine 
04 bead 
05 animal figurine 
06 pendant 
07 indeterminate figurine fragment 
08 tubular pipe 
09 elbow pipe 
10 puki 
11 plume holder 
12 candle holder 
13 miniature olla 
14 miniature jar 
15 miniature bowl 
16 pipe bowl for use with cane stem 
17 whistle 

Decoration 

1 none (including unpolished) 
2 polished 
3 fingernail impressions, vertical incisions 
4 polished, indented perforated rectangular base 
5 rectangular cross-section, longitudinal incisions, 

cross-hatched 
6 punctate dots, unpolished 
7 fishtail mouthpiece, polished black 
8 bowl ends in pair of broad rings, polished black 
9 indented mouthpiece, carved relief pairs of longitudinal 

arrows, polished black 



Ceramic Artifact 

Site 1 1 1 1 1 1 1 1 

Room Block 
or Kiva 1 1 1 1 1 1 

Room 1 1 1 1 

1st 
Provenience 
2nd 
Provenience 1 1 1 1 1 

Artifact 
Type 1 1 1 1 1 

Artifact 
Number 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

Subtype 1 1 1 1 1 

Pigment 

Comment 

Decoration 



06 Sherd Artifact 

Subtype 

0 fragment 
1 perforated disc (possible spindle whorl) 
2 disc 
3 triangle 
4 rectangle/rounded rectangle/trapezoid/square 
5 diamond 
6 triangular pendant 
7 rectangular pendant 
8 square pendant 
9 circular pendant 

Ceramic Type 

01 Biscuit A 
02 Biscuit B 
03 Biscuit 
04 Wiyo B/W 
05 Kwahe's B/W 
06 Intermediate glaze 
07 Tewa Polychrome 
08 Tewa Black 
09 Tewa Red 
10 Sankawi B/C 
11 Potsui'i Incised 
12 Glaze I 
13 Glaze II 
14 Glaze III 
15 Glaze IV 
16 Glaze V 
17 Glaze VI 
18 Kapo Gray 
19 historic b/r 
20 plain 
21 utility ware 
22 unidentified b/w 
23 matte b/r 

99 not recorded 
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Sherd Artifact 

Site 1 1 1 1 1 1 1 1 1 1 

Room Block 
or Kiva 1 1 1 I 1 1 1 1 1 

Room 1 1 1 1 1 1 1 1 

1st 
Provenience 
2nd 
Provenience 1 1 1 1 1 

Artifact 
Type 1 1 1 1 1 

Artifact 
Number 1 1 1 1 1 1 1 1 I 

Subtype 

Length 1 1 1 1 1 1 1 1 1 1 

Width 1 1 1 1 1 1 1 1 1 1 

Ceramic Type 1 1 1 1 | 

Comment 
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07 Retouched Chipped Stone Basal Notch 
0 fragment 

Subtype 1 present 
01 projectile point 2 absent 
02 drill (includes lozenge-

shaped point) 
3 does not apply 

03 knife—1 edge Base (stem) 
04 knife—2 edges 0 fragment 
05 knife—3 edges 1 expanding 
06 knife—4 edges 2 straight (parallel) 
07 knife/scraper 3 pinched 
08 chopper 4 does not apply 
09 sidescraper 5 leaf-shape 
10 endscraper (subnose scraper) 6 none 
11 side/end scraper 7 not given 
12 other scraper 8 flake 
13 hoe/digging tool 
15 core Base Shape 
16 core/scraper 0 fragment 
17 residual core 1 concave 
18 pick 2 convex 
19 graver 3 other 
20 eccentric 4 does not apply 
21 blade 5 straight 
22 notched implement 6 leaf-shape 
23 use flake scraper 7 pinched 
24 truncated core 8 not given 
25 tabular core 9 flake 
26 bipolar core 
27 core nucleus Corner Notches 
28 truncated core nucleus 0 fragment 
29 tabular core nucleus 1 present 
30 bipolar core nucleus 2 absent 
31 core nucleus/scraper 3 does not apply 
32 co r e - h amme r s to ne 4 one 
33 double side-end scraper 5 construction or flange 
34 double side scraper 6 not given 
35 convergent side scraper 7 flake 
36 transverse scraper 
37 indeterminate scraper Side Notches 
38 spokeshave 0 fragment 
39 knife/gouge 1 present 
40 scraper/graver 2 absent 
41 point blank 3 does not apply 
42 gouge 4 one 
43 pick preform 5 not given 

6 flake 
Material—see 01 Lithic Debris 



Reworking/Resharpening 
1 present 
2 absent 
3 not given 

Additional Wear 
0 other 
1 drill 
2 knife 
3 scraper 
4 graver 
5 multiple 
6 none 
7 not observed 
8 hammer 
9 chopper 

Serration 
0 fragment 
1 1 side 
2 both sides 
3 absent 
4 does not apply 
5 not given 



Retouched Chipped Stone 

Site 1 1 1 1 1 1 1 1 1 1 

Room Block 
or Kiva 1 1 1 1 1 1 1 I 

Room 1 1 1 1 1 1 

1st 
Provenience 
2nd 
Provenience 1 i 1 1 1 

Artifact 
Type 1 1 1 1 1 

Artifact 
Number 1 1 1 1 1 1 1 1 1 1 1 

Subtype 1 1 1 1 1 

Material 1 1 1 1 1 

Basal notch 

Base 

Base shape 

Corner notch 

Side notch 

Serration 

Length 1 1 1 1 1 1 1 1 1 1 

Width 1 1 1 1 1 1 1 1 1 1 

Thickness 1 1 1 1 1 1 1 1 1 1 

Reworking 

Additional 
Wear 

Comment 
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08 Grinding Slabs and Griddles 

Subtype 
1 slab metate 
2 basin metate 
3 mortar 
4 palette 
5 metate blank 
6 griddle 
7 multiple mortar 
8 ceremonial mortar 
9 palette/mano 
A palette/hammerstone 
B palette/grinding stone 

Material (Te'ewi, Cuyamungue, and Pindi only) 
01 sandstone 
02 quartzite 
03 basalt 
04 vesicular basalt 
05 limestone 

Texture—side 1 
1 very fine 
2 fine 
3 medium 
4 coarse 
5 very coarse 
6 not recorded 
7 polished 

no grinding 

Texture—side 2 
as above 

Stain 
1 none 
2 red 
3 yellow 
4 black 
6 multiple 
7 grease 



Grinding Slabs and Griddles 

Site 1 1 1 1 1 1 1 1 1 1 

Room Block 
or Kiva 1 I 1 1 1 

Room 1 1 1 1 

1st 
Provenience 
2nd 
Provenience 1 1 1 1 1 

Artifact 
Type 1 1 1 1 1 

Artifact 
Number 1 1 1 1 1 1 1 1 1 1 

Subtype 

Material 1 1 1 

Stain 

Length 1 1 1 1 1 1 1 1 1 1 

Width 1 1 1 1 1 1 1 1 1 1 

Thickness 1 1 1 1 I 1 1 1 1 1 

Comment 

Texture— 
Side 1 
Texture— 
Side 2 



09 Manos 

Subtype 
1 two-hand 
2 rectangular one-hand 
3 circular/ovoid (pestle) 
4 blank 
5 fragment 
6 one hand mano/hammerstone 

Material (Te'ewi, Cuyamungue, and Pindi only) 
01 sandstone 
02 quartzite 
03 basalt 
04 vesicular basalt 
05 limestone 

Cross-section 
1 biplano 
2 triangular 
3 wedge 
4 diamond 
5 planoconvex 
6 oval (pestle) 
7 biconvex 

Pigment stain 
1 none 
2 red 
3 yellow 
4 black 
6 multiple 

Texture 
1 coarse 
2 medium 
3 fine 
4 very fine 
5 very coarse 
6 polished 



Manos 

Site 1 1 1 1 1 1 1 1 1 1 

Room Block 
or Kiva 1 1 1 . 

Room 1 1 1 

1st 
Provenience 
2nd 
Provenience 1 1 1 1 1 

Artifact 
Type 1 1 1 1 1 

Artifact 
Number 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

Type 

Material 

Cross-
Section 
Grinding 
Surfaces 

Pigment 

Length 1 1 1 1 1 1 ! 1 1 1 

Width 1 1 1 1 1 1 1 1 1 1 

Thickness 1 1 I 1 1 1 1 1 1 1 

Comment 

Texture— 
Side 1 
Texture--
Side 2 
Texture— 
Side 3 
Texture— 
Side 4 



305 

10 Hammer and Abrading Stones 

Subtype 
0 abrader 
1 pecking stone 
2 polishing stone 
3 pecking/polishing stone 
4 awl sharpener 
5 shaft straightener 
6 hammerstone 
7 pestle 
8 other 
9 anvil 

Material (Te'ewi, Cuyamungue, and Pindi only) 
01 sandstone 
02 quartzite 
03 basalt 
04 vesicular basalt 
05 limestone 

Pigment stain 
1 none 
2 red 



Hammer and Abrading Stones 

Site 1 1 1 1 1 1 1 1 

Room Block 
or Kiva 1 1 1 1 1 

Room 1 1 1 1 1 

1st 
Provenience 
2nd 
Provenience 1 1 I 1 1 

Artifact 
Type 1 1 1 1 1 

Artifact 
Number 1 1 1 1 I 1 1 1 1 1 

Subtype 

Material 1 1 1 | 1 

Pigment 

Length 1 1 1 1 1 1 1 1 1 1 

Width 1 1 1 1 1 1 1 1 1 1 

Thickness 1 1 1 1 1 1 1 1 1 1 

Comments 

Grooves 



11 .Miscellaneous Ground Stone 

Subtype 
0 disc 
1 cylinder stone/medicine rod 
2 spindle whorl 
3 ball 
4 human effigy 
5 tubular pipe 
6 elbow pipe 
7 lightning stone 
8 cup stone 
9 animal effigy 

Miscellaneous Ground Stone 

Site 1 1 1 1 1 1 1 1 1 1 

Room Block 
or Kiva 1 1 1 1 1 1 1 

Room 1 1 ! 1 I 

1st 
Provenience 
2nd 
Provenience 1 1 1 I 1 

Artifact 
Type 1 1 1 1 

Artifact 
Number 1 1 1 1 1 1 1 1 1 I 1 1 

Subtype 

Material 
1 1 I 1 1 

Kidder 
pipe 

Type 

Length 1 1 1 1 1 1 1 1 1 1 

Width 1 1 1 1 1 1 1 1 1 1 

Thickness 1 1 1 1 1 1 1 1 1 1 

Comment 



12 Stone and Clay Ornaments 

Type 
0 bead blank 
1 disc bead 
2 cylinder bead 
3 pendant (must have hole) 
4 mica ornament or pendant 
5 worked fragment 
6 mica flakes 
7 fetish (when found with other ornaments) 
8 tablet 
9 pendant blank 

Material (Pindi, Te'ewi, Cuyamungue only) 
1 turqoise 
2 obsidian 
3 serpentine 
4 jet 
5 other 

Shape 
0 fragment (Arroyo Hondo only) 
1 triangular 
2 rectangular/trapezoidal 
3 round 
4 square 
5 oval/sub-oval 
6 other 
7 does not apply 
8 zoomorphic 
9 irregular (Arroyo Hondo only) 



Stone Ornaments 

Site 1 1 1 1 1 1 1 i i 

Room Block 
or Kiva 1 1 1 i i 

Room i 

1st 
Provenience 
2nd 
Provenience 1 1 I 1 I 

Artifact 
Type 1 1 1 1 i 

Artifact 
Number 1 1 1 1 1 I 1 1 1 i i i 

Subtype 

Material 

Shape 

Length 1 1 i 1 1 1 i i I I 

Width 1 1 1 1 1 1 i i I i 

Thickness 1 1 1 1 1 1 I i i i 
Number in 
occurrence 1 1 1 1 1 1 I i i I 

Comment 



13 Pigment 

Subtype 
1 red ocher (hematite, turquite) 
2 yellow ocher (limonite) 
3 malachite 
4 non-crystal gypsum 
5 copper ore 

Pigment 

Site 1 1 1 1 1 1 1 ! 1 

Room Block 
or Kiva 1 1 1 1 1 

Room 1 

1st 
Provenience 
2nd 
Provenience 1 1 1 1 1 

Artifact 
Type 1 1 1 1 1 

Artifact 
Number 1 1 1 1 1 1 1 1 1 1  

Subtype 

Number in 
occurrence 1 1 1 1 1 1 1 1 1 

Comment 



14 Miscellaneous Stone Objects 

Subtype 
01 quartz crystal 
02 turqoise nugget 
03 turqoise chip 
04 clay 
05 concretion 
06 fossil 
07 polished pebble 
08 medicine stone 
09 gypsum crystal 
10 calcite crystal 
11 red shale 
12 geode 
13 granitic schist temper 
14 tuff temper 
15 pumice temper 
16 micaceous schist temper 
17 grooved siltstone slab 
18 polished painted cobble 
19 polished, stained stone fetish 
20 notched, stained mano 
21 thin ground long rectangular solid 
22 triangle 
23 biconical object 
24 phial/prayerstick holder—conical, narrow end flat 

with hole 
25 probable altar piece—conical, flat ground base 
26 tcamahia blank 



Miscellaneous Stone Objects 

Site 1 1 1 1 1 1 1 

Room Block 
or Kiva 1 1 1 1 1 1 1 1 1 

Room 1 1 1 I 

1st 
Provenience 
2nd 
Provenience 1 1 1 1 1 

Artifact 
Type 1 1 1 1 1 

Artifact 
Number 1 1 1 1 

Subtype 1 1 1 1 1 
Number in 
occurrence 1 1 1 1 i 1 1 1 1 1 

Comment 



15 Awl 07 red stain 
08 blue stain 

Splitting 09 hole, but not needle 
0 fragment 
1 split General Source 
2 not split 1 avian 
3 splinter 2 mammal 
4 does not apply—rib awl 3 unknown/not recorded 

Articular End Specific Source 
0 does not apply 01 unknown/not recorded 
1 complete 02 turkey 
2 partly removed 03 eagle 
3 wholly removed 04 rabbit (Lepus) 
4 fragment 05 deer/elk 
5 splinter 06 Antilocapra 

07 Odocoileus 
Tip 08 lynx 
1 gradually tapering 09 Sylvilagus 

(narrow form) 10 Buteo 
2 abruptly tapering 11 Grus canadensis 

(broad form) 12 duck 
3 fragment 13 Cathartes aura 
4 splinter 14 Accipiter 
5 bevelled 15 Buteo regalis 

Type of Bone 
0 other 
1 unknown/not recorded 
2 wing bone 
3 long bone (including 

tibia, radius for 
Arroyo Hondo) 

4 metatarsal 
5 antler 
6 scapula 
7 rib 
8 tibiotarsus 
9 metapodial 
A residual joint 

Decoration 
01 none 
02 incision related to 

manufacture 
03 notched 
04 polished 
05 ring around object 
06 multiple rings 



Bone Awl 

Site 1 1 1 1 1 1 1 1 

Room Block 
or Kiva 1 1 1 1 1 1 1 1 

Room 1 1 1 1 1 

1st 
Provenience 
2nd 
Provenience 1 1 1 

Artifact 
Type 1 1 I 1 1 

Artifact 
Number 1 1 1 1 1 1 1 1 1 

Splitting 

Articular 
End 

Tip 

Type of 
Bone 

Decoration 1 1 1 1 1 
General 
Source 
Specific 
Source 1 1 1 1 1 

Length 
1 1 1 1 1 1 1 1 1 1 

Width 1 1 1 1 1 1 1 1 1 1 

Comment 



16 Other Bone Tool 

Subtype 
1 hammer/flaker 
2 wrench 
3 scraper 
4 beamer 
5 belt loom beam 
6 worked bone or antler 

fragment 
7 wedge 
9 other 

Type of Bone 
0 other 
1 unknown/not recorded 
2 wing bone 
3 long bone (including 

tibia, radius for 
Arroyo Hondo) 

4 metatarsal 
5 antler 
6 scapula 
7 rib 
8 tibiotarsus 
9 metapodial 
A residual joint 

Decoration 
01 none 
02 incision related to 

manufacture 
03 notched 
04 polished 
05 ring around object 
06 multiple rings 
07 red stain 
08 blue stain 
09 bole, but not needle 

General Source 
1 avian 
2 mammal 
3 unknown/not recorded 
4 antler 
5 turtle 

Specific Source 
01 unknown/not recorded 
02 turkey 
03 eagle 
04 rabbit (Lepus) 
05 deer/elk 
06 Antilocapra 
07 Odocoileus 
08 lynx 
09 Sylvilagus 
10 Buteo 
11 Grus canadensis 
12 duck 
13 Cathartes aura 
14 Accipiter 
15 Buteo regalis 
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Other Bone Tool 

Site 1 1 1 1 1 1 1 1 1 1 

Room Block 
or Kiva 1 1 I 1 1 1 1 1 1 

Room 1 

1st 
Provenience 
2nd 
Provenience 1 1 1 1 1 

Artifact 
Type 1 1 1 1 1 

Artifact 
Number 1 1 1 1 1 1 1 1 

Subtype 1 1 1 1 1 

Type of 
Bone 

Decoration 1 1 1 1 1 

General 
Source 
Specific 
Source 1 

Length 
1 1 1 1 1 1 1 1 I 1 

Width 
1 1 1 1 1 1 1 1 1 1 

Thickness 
1 i 1 1 1 1 1 1 1 1 

Comment 
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17 Bone Ornaments 

Siob type 
2 tube 
3 whistle 
4 bitsitsi whistle 
5 flute 
6 pendant 
7 disc 
8 ring 
9 miscellaneous 

Type of Bone 
0 other 
1 unknown/not recorded 
2 wing bone 
3 long bone 
4 antler 
5 rib 
6 lower jaw 
7 metatarsus 
8 radius 
9 furcula 

General Source 
1 avian 
2 mammal 
3 unknown/not recorded 
4 antler 
5 turtle 

Specific Source 
1 unknown/not recorded 
2 turkey 
3 eagle 
4 elk/deer 
5 dog/wolf 
6 goose 
7 Lepus 
8 Silvilagus 
9 fox 
10 turtle 

Decoration 
01 none 
02 incisions from grooving 

in process of manu
facture 

03 notches 
04 polish 
05 other incisions, non-

manufacture related 
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Bone Ornaments and Miscellaneous 

Site 1 1 1 1 1 

Room Block 
or Kiva 1 I 1 1 

Room 1 1 1 

1st 
Provenience 
2nd 
Provenience 1 1 1 1 

Artifact 
Type 1 i 1 1 1 

Artifact 
Number 1 1 1 1 1 1 1 1 1 1 1 I 1 1 

Subtype 

Type of 
Bone 

Decoration 1 1 1 
General 
Source 
Specific 
Source 1 1 1 

Length 1 1 1 1 1 1 1 

Width 1 1 1 1 1 1 1 1 1 1 

Thickness 1 1 1 1 1 1 

Comment 



18 Shell Ornaments 

Subtype 
0 fragment 
1 disc bead 
2 tinkler 
3 pendant 
4 Olivella bead 
5 other 
6 bracelet 
7 unmodified 
8 pendant blank 

Pendant Shape 
1 fragment 
2 does not apply 
3 triangular 
4 rectangular 
5 square 
6 round 
7 oval 
8 sliver 
9 turretted 

Decoration 
1 none 
2 natural shell ribbing used 

to form pattern 
3 red ocher 
4 scallop-like incisions 
5 turqoise inlay 

Reworking 
1 yes 
2 no 
3 reworked for rehanging 

Original Artifact 
1 does not apply 
2 unknown 
3 Conus tinkler 
4 bracelet 
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Shell Ornaments 

Site 1 1 1 1 1 

Room Block 
or Kiva 1 1 1 1 ' 1 1 1 1 1 

Room 1 1 1 

1st 
Provenience 
2nd 
Provenience 1 1 1 1 1 

Artifact 
Type 1 1 1 1 1 

Artifact 
Number 1 1 1 1 1 1 1 1 1 1 1 

Subtype 

Number in 
occurrence 1 1 1 1 1 1 1 1 1 1 

Decoration 1 

Fragment 

Length 1 1 1 1 1 1 1 1 1 1 

Width 1 1 1 1 1 1 1 1 1 1 

Reworking 

Original 
Artifact 

Comment 



APPENDIX B 

SUMMARY OF MORTUARY GOODS, ARROYO HONDO PUEBLO* 

•Courtesy of Ann Palkovich. 
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Component I (does not include accidental deaths) 

Age Category 

0-1 yrs.: 

12-G-1C-3-1 

12-G-B110-4 

12-G-D2-4-1 

12-G-D8-4-2 

12-G-ST7-2-10 

12-G-2-4-12 

12-G-D8-4-3 

12-G-2-3-198 

12-K-3-III A #1 

12-K-3-III A #2 

12-K-4-III C 

12-K-12-IV E 
12-K-15-IV G 
12-K-3-IV I 

12-K-3-IV J 

12-6-6-5 

12-6-8-6E-3 A 

12-6-8-6E-3 . 

12-6-8-6E-3 C 

12-6-14-5-1 

12-15-7-5-1 

12-18-6-3S-15 

Head Leather Yucca Pot or Plant 

Age Sex pH Direction Blanket Mat Sherd Remains Other 

7th fetal 

month 

2^-3 mon. 

I-lS mon. 

2 mon, 

I mon. 

lh-2 mon, 

II mon, 

10 mon. 

215-3 mon. 

5*3 mon. 

5 mon. 

II-12 mon. 

5^ mon. 

S's-S mon. 

8 mon. 

Birth 

8th fetal 

month 

6th fet<-^ 

month 

4th fetal 

month 

8-9th fetal 

month 

9-9^ mon. 

9 mon. 

E 

S 

E 

N 

W 

S 

E 

E 

E 

E 

N 

S 

E 

E 

? 
•> 

—  6 . 0  

N 

E 

W 

+ 
+ 
+ 

+ 
+ 
+ 

+ 
+ 

+ 

+ 

+ 
+ 

+ Feathers 

w 
to 



Head 
Age Category Age Sex pH Direction 

12-18-8-VII-l 735-8 mon. — ? 

12-18-8-4S-8 12-13 mon. — 5. 8 E 

12-18-39-IV-9 5 mon. — 5. 5 S 

12-21-3-12-2 8 mon. — N 

12-H-3-7-3 2-3 wks. N 

12-14-5-8-1 S-S3! mon. — S 

1-4.9 yrs,: 

12-G-2-4-8 2 yrs. — •> 

12-G-2-4-1Q 2 yrs. — E 

12-G-30A-2A-1 22-24 mon. — 6, 5 E 

12-G-2-3-159 2*5-3 yrs. — S 

12-G-B110-3 18 mon. — E 

12-G-D8-4-1 4-5 yrs. — E 
12-G-2-4-47 2-2^ yrs. N 

12-G-D6-4-1 2 yrs. — E 

12-G-ST7-3-2 2-2% yrs. — E 

12-K-4-III B 

12-K-12-IV F 

16-18 mon. 

2 yrs. 

E 

N 

Leather 
Blanket 

Yucca 
Mat 

Pot or Plant 
Sherd Remains Other 

discoidal 

juniper seed 

jishi 

177 juniper seed 

beads 

4 stone beads 

(1 discoidal 

jet & turquoise 

bead, 2 cylin

drical jet 

beads) 

+ -
+ -
+ - Cotton 

Feather Robe 

- - Shell Pendant 

+ - -
+ + P 

+ + 
+ + CC 

+ + -
+ + - - Pine Branch 

w/four bones 

tubes and 

hematite 

cylinder 

u> 
to 
i j j  



Age Category 

12-18-6-3S-2 

12-18-6-3S-8 

12-18-8-4N-9 

12-18-15-IN-l 

12-18-15-IN-2 

12-18-15-IN-3 

12-21-3-III-1 

12-21-4-1-5 

12-21-5-1-3 

5-9,9 yrs.< 

12-G-2-3-27 

12-G-B110-2 

12-G-2-4-63 

12-16-31-11-1 

12-11-3A-2-2 

12-D-3-1-1 

10-14,9 yrs.s 

12-G-2-3-21-1 

12-G-2-3-21-2 

12-G-2-3-84 

12-G-D2-4-2 

12-K-l 

12-18-15-IN-4 

12-20-6-5-1 

Head 
Age Sex pH Direction 

4-5 yrs, '— 6.5 W 

18 mon, — 6.6 E 

16 mon. — 5.8 E 

4 yrs. —7.7 N 

2-2's yrs. — 7.7 W 

3-3^ yrs. *— 7.7 W 

3 yrs. — S 

2Js yrs. — N 

18 mon. — N 

9V-10 yrs. 

5-6 yrs. 

5-6 yrs. 

553-6 yrs, 

8 yrs. 

5^-6 yrs. 

— 6,9 S 

W 

W 

E 

N 
•p 

14 yrs. 

14 yrs. — 

14 yrs. 

10-11 yrs. 

14 yrs. F 

14 yrs. 

14 yrs. F? 

6.8 N 

6.5 W 

5.8 N 

S 

8.8 E 

7.7 ? 

E 

12-D-2-2-2 

12-E-1-2 

14 yrs. 

14 yrs, 

7 
7 

Leather Yucca Pot or Plant 
Blanket Mat Sherd Remains Other 

- - C + 

+ + - CC 

+ + -

CC Wooden Spoon 

CC 

4 Shell beads 

Slate Pendant 

Wood Bow 

- + -

+ - C 

Material Sack 

Yucca material 

Two manos 

Rabbit skin, 

painted gourd 

black textile 



Head 
Age Category Age Sex pH Direction 

15-19.9 yrs.: 

12-K-16-IV-1 H 19 yrs. M S 

12-C-A-12-1 18 yrs. M E 

12-D-1-7 19 yrs. M E 

12-D-3-1-2 ? F — ? 

20-24.9 yrs.: 

12-K-6-II D 24 yrs. M E 

12-K-SQ3-3-7 22 yrs. F S 

12-E-l-l ? ? — E 

25-29.9 yrs.: 

12-G-B111-4 27 yrs. M W 

12-16-29-2-9 28 yrs. F E 

12-19-1-V-l 25 yrs. M W 

30-34.9 yrs.: 

12-G-2-3-22 32 yrs. M 6.0 S 

12-G-2-4-36 ? F S 

12-G-D4-4-1 30 yrs. M S 

12-16-29-5-1 33 yrs. F E 

12-18-8-VI-l 31 yrs. F W 

Leather Yucca Pot or Plant 
Blanket Mat Sherd Remains Other 

6 stones 

Palette slab 

Raven skin, 

wings of s 

raven, 4 pro-

jectile points, 

wood fragments, 

8 stone balls, 

2 mica sheets, 

bone awl tip 

Cloudblower 

pipe 

Obsidian Pt. 



Age Category 

35-39.9 yrs.: 

12-G-2-3-37 

12-G-2-3-35 

12-G-2-3-29 

12-G-2-4-14 

12-16-38-6 

12-H-1-0-1 

40-44.9 yrs.: 

45-49.9 yrs,: 

12-11-8-2-1-3 

12-16-36-4-1 

50+ yrs.: 

12-G-4-61 
12-G-5-1 
12-D-2-2-1 

Adult ?: 

12-G-1C-2-2 

12-G-2-3-14 

12-G-2-4-34 

12-G-2-3-28 

12-G-6 

12-16-36-5-2 

12-18-39-IS-1 

12-D-3-1-3 

Head 
Age Sex pH Direction 

39 yrs. 

39 yrs. 

36 yrs. 

35 yrs. 

36 yrs. 

35 yrs. 

F 

F 

F 

M 

F 

F 

5.1 

5.6 

6 . 6  

S 

W 

E 

E 

E 
•? 

45 yrs. 

44 yrs. 

F 

M 
S 

E 

50+ 

50+ 

55 yrs. 

F 

F 

F 

N 

? 

W 

7 

7 
•? 

7 

F 

M 

7.2 
7 

7 

? 
p 

» 

M 
•> 

7 
M 

F 

5.8 E 

7 

? 
•j » 

Leather Yucca Pot or Plant 
Blanket Mat Sherd Remains Other 

+ 

+ - - Leather bag, 

Ceremonial Axe 

- - Wood fragments 

CC Turquoise bead 

- Cotton, Body 

Painted 

Turquoise frag

ment 



Age Category 

12-D-3-1-4 

12-D-3-1-5 

Age 

Head Leather Yucca Pot or Plant 

Sex pH Direction Blanket Mat Sherd Remains Other 

F 

M 

0-1 yrs.: 

12-C-A-2-1 

12-10-4-6 

9 mon. 

8 mon. — 7.6 

Component II; 

E 
S 

CC 

1-4.9 yrs.: 

12-C-A-4-3 

12-C-A-6-1-1 

12-C-9-1-1 

18 mon. 

22 mon. 

16-18 mon. 

w 
E 

E 

+ 
+ 

Necklace w/ 

shell beads and 

jet fetish 

5-9.9 yrs.: 

12-C-A-8-1 6 yrs. Leather strap 

15-19.9 yrs. : 

12-C-A-7-1 18 yrs. — 7.0 W 

20-24.9 yrs.s 

12-C-A-4-2 
12-C-A-39-2 

23 yrs. 
24 yrs. 

M 
M 

E 

N 

35-39.9 yrs. : 

12-C-A-20-1-2 39 yrs. 



Age Category Age 

40-44.9 yrs.: 

12-C-A-39-3-3 45 yrs. 

50+ yrs.: 

12-C-A-39-1 55 yrs. 

Head 

Sex pH Direction 

F E 

Leather Yucca Pot or Plant 

Blanket Mat Sherd Remains Other 

u> 
oo 
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