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SEDENTISM AND MOBILITY IN A SOCIAL LANDSCAPE


1

SEDENTISM AND MOBILITY IN HORTICULTURAL AND AGRICULTURAL SOCIETIES

Existing research on mobility is based on the study of “simple” hunter-gatherer groups practicing high-frequency residential movement: that is, groups moving several times a year. Concepts developed through this huntergatherer research are useful, but they are ultimately inadequate for studying population movement in societies where residential moves occur on a supra-annual basis, sometimes only once in one or two generations. In addition, hunter-gatherer models focus on the environmental and ecological determinants of mobility. Research into mobility should acknowledge the importance of the environment, but it must also examine the social determinants of mobility and recognize that all decisions to move or stay are conditioned by the social context in which they occur.

Examination of settlement patterns in the Mesa Verde region demonstrates that sedentism and mobility are not opposing concepts but separate strategies that were employed simultaneously. The analyses that follow examine household residential mobility and show that the frequency of household movement varied between once every generation and once every three generations, and later residential sites had longer occupation spans than earlier sites. An analysis of community movement demonstrates that it, too, varied in frequency, but it occurred less often than household movement—between approximately once every century and once every three centuries. In the center of the Mesa Verde region communities moved short distances and had longer occupation spans, whereas on the periphery of the region communities moved farther and had shorter histories.

This variation in household and community movement can be understood only by considering the changing social context in the region. A key feature of this social context was the historical development of communities. For the purpose of this study, a community is defined as a group of individuals who live in proximity to one another within a geographically limited area, who have face-to-face interaction on a regular basis, and who share access to resources in their local sustaining areas. The communities examined in this study each consist of a relatively permanent community center—a densely settled area usually associated with public architecture—and an associated, less densely settled residential area. In the analyses that follow, I identify the 27 largest and most persistent communities that developed in the Mesa Verde region between A.D. 950 and 1300.

During this period, the social context of the region changed in two ways. First, communities in the center of the region became increasingly numerous, creating greater competition for resources. Second, the area encompassed by the Mesa Verde regional settlement system, as defined by the largest and most permanent communities, shrank through time, which increasingly isolated the Mesa Verde-region settlement system from those in adjacent regions. Identification of these persistent communities and analyses of their distribution reveal a third level of settlement structure that characterized the social context of the Mesa Verde region: supracommunity clusters with overlapping catchments.

This changing social context provides the structure in which residential mobility occurred. One important aspect of this ever-changing structure was the development of land tenure systems, which were produced and reproduced through the practices of individuals acting within and upon their historically derived structure. Residential mobility is a practice central to the development of land tenure systems, and land tenure appears to change from usufruct to the heritable transfer of land between generations during the years from A.D. 950 to 1300. Thus, residential mobility is modeled as a social process in which behavior is both enabled and constrained by the existing structure. Through the practice of residential mobility, the settlement system in the Mesa Verde region was simultaneously reproduced and transformed.

THE ANALYSES

The analyses that follow use data from the Duckfoot and Sand Canyon Projects (Lightfoot 1994; Lightfoot and Etzkorn 1993; Lipe 1992), both of which examine ancient households and communities in the Mesa Verde region. Duckfoot, a ninth-century hamlet with four pit structures and 19 surface rooms, is an unusually strong case study because it is well preserved, precisely dated, and almost completely excavated. The Sand Canyon Project documents changes in settlement patterns and community organization during a 350-year period using a diverse sample of well-dated sites from a single settlement system (Lipe 1992; Varien et al. 1996). Research includes environmental archaeology (Adams 1992), full coverage survey (Adler 1990, 1992), and the excavation of 15 sites from two adjacent communities (Bradley 1992; Huber 1993; Varien 1998). In addition, the Sand Canyon Project produced an inventory of all known community centers in the Mesa Verde region dating between A.D. 950 and 1300 (Varien et al. 1996).

These data are used to examine the sedentism and mobility of a number of social units at different spatial scales. The frequency and distance of population movement is examined for individuals, households, and communities. Mobility of these social units is examined at three spatial scales, those of residential sites, localities, and regions.

Residential sites have discrete spatial boundaries and contain the structures and middens associated with relatively long-term occupation. Localities are areas that are larger than an individual residential site but smaller than a region. The boundaries of each locality include many residential sites that comprised a community or a group of communities and the immediate sustaining area that provided the bulk of the subsistence resources for the community. Despite its long history of use in settlement archaeology (Willey and Phillips 1958:18), locality remains a relatively weak and arbitrary concept, and the term study area might be reasonably substituted. Locality is used in this study because the Sand Canyon locality has been defined and appears frequently in Sand Canyon Project research publications (Lipe 1992). Finally, the Mesa Verde region, as defined in this study, is an area of approximately 14,000 square kilometers (5,000 square miles) within which there are distinct architectural and ceramic traditions.

Residential sites were occupied by individuals, households, and—in the case of the largest sites—entire communities. Households are defined in behavioral terms on the basis of a redundant set of activities that are inferred from the distribution of architectural and artifactual evidence (Wilk and Netting 1984). Behaviorally, communities consisted of many households that lived in close proximity to one another and had regular face-to-face interaction. This regular face-to-face interaction resulted in the need for some decision making above the level of the household, especially with regard to the shared use of local social and natural resources. The archaeological definition of community boundaries is difficult because residential settlement patterns in the Mesa Verde region changed from dispersed to aggregated between A.D. 950 and 1300. The problem of defining community boundaries is addressed by using the clustering of residential settlement and, in most cases, the presence of public architecture (Adler and Varien 1994).

Analyzing Household Residential Mobility

Accumulations research (Varien and Mills 1997) is used to examine the frequency of household movement by measuring the length of site occupation. This research examines the rate at which cooking-pot sherds accumulate at sites, establishing an average annual accumulation rate per household for cooking-pot sherds and developing confidence intervals associated with this rate. The accumulation rate is then used to measure the length of occupation at 13 excavated sites within the Sand Canyon locality, documenting the frequency of residential movement at these sites. There is considerable variation in the frequency of household movement at any point in time and increasing residential sedentism through time. Variation in the frequency of residential movement is evidence that these moves were stimulated by a variety of processes, including social factors, and the change in the frequency of residential movement over time is interpreted in terms of changing patterns of land tenure, which were stimulated by greater competition for resources.

Estimating the length of site occupation is critical not only for studies of mobility but also for accurate estimation of population size and, therefore, for any theory that requires knowledge of population size (Nelson, Kohler, and Kintigh 1994; Powell 1988). Moreover, accumulations research is critical for understanding the formation of archaeological assemblages (Schiffer 1987; Varien and Mills 1997).1 Its methods are relevant to problems faced by archaeologists working in all parts of the world.

Analyzing Community Movement

The frequency of community movement within a locality is addressed in this book using three analyses. First, the treatment of pit structure roofs at the time of structure abandonment is examined to determine whether timbers were salvaged or abandoned as de facto refuse (Cameron 1990, 1991; Wilshusen 1986, 1988a). When timbers were salvaged, a short-distance move to the next occupied site is inferred, and the continuity of community occupation is assumed. The abandonment of timbers as de facto refuse is interpreted as evidence for a long-distance move and community mobility. Second, the density of artifacts in the fill of abandoned pit structures is calculated (Montgomery 1993; Reid 1973). High artifact density in fill is interpreted as evidence for continued use of a site and community sedentism. Third, wood procurement events are examined (Ahlstrom, Dean, and Robinson 1991; Schlanger and Wilshusen 1993), and the continuous harvesting of timbers is interpreted as evidence for community sedentism.

These analyses demonstrate that most Mesa Verde-region communities occupied their sustaining localities continuously for over a century and perhaps as long as three centuries. Previous studies of mobility have not distinguished between the frequency of household movement and the movement of entire communities. Documenting differences between household and community mobility provides a more robust and accurate picture of population movement, and this perspective permits the interpretation of mobility within a social framework.

Analyzing Sedentism and Mobility at a Regional Scale

At the regional scale, I examine how the rugged terrain of the Mesa Verde region impeded travel on foot, thereby conditioning interaction and structuring community boundaries. Next, the changing social landscape of the Mesa Verde region is described, because the movement of individuals, households, and communities was negotiated in this landscape. Analyses of the distribution of Mesa Verde communities show how competition for resources increased between A.D. 950 and 1300. Finally, the frequency and geographic scale of community movement is documented, both within the region and between the Mesa Verde region and adjacent areas.

The Mesa Verde-region social landscape is reconstructed by examining the chronology, distribution, and physiographic location of community centers. The analyses build on previous studies (Adler and Varien 1994; Varien et al. 1996) but for the first time incorporate digital elevation models and geographic information systems (GIS) technology to examine how the physiography affected population movement and the formation of the Mesa Verde-region social landscape. In addition, every tree-ring date from the Mesa Verde region—almost 10,000 dates—is analyzed to examine movement of large numbers of people into and out of the Mesa Verde region.

The analyses presented in the following pages examine mobility for a variety of social units at a range of spatial scales. Integrating these various scales is critical to fully understanding the sedentism and mobility of ancient societies, but such integration has been largely absent in previous studies of population movement, especially in the study of mobility among agriculturalists in the ancient Southwest. Also absent from previous studies is an adequate evaluation of social factors that influence mobility and the social context in which this population movement occurred. The empirical studies developed here are used to evaluate existing models and to develop a new, more appropriate model of population movements among Southwestern agriculturalists.

THE PROBLEM

Conventional wisdom maintains that ancient societies in the Southwest were sedentary after the introduction of agriculture. At the core of this conventional interpretation is the assumption that the appearance of cultigens produced a dependence on agriculture and that agriculture, along with the subsequent appearance of pottery and more substantial architecture, signaled the beginning of a sedentary way of life. Two additional factors contributed to the paradigmatic bias that saw ancient Southwestern groups as sedentary: the use of historic-period pueblos as analogs for ancient settlements and emphasis on the excavation of large sites (Lekson 1990). The conventional interpretation was challenged in the 1970s (Dean 1970) and 1980s (Gilman 1987, 1988; Lekson 1990; Powell 1983) and was so thoroughly questioned that Whalen and Gilman (1990) dubbed mobility the “idea of the 1980s” in Southwestern archaeology.

A number of trends can be identified in recent literature on mobility in the Southwest. First, the site is the spatial scale of most new studies, and, in the tradition of hunter-gatherer models, the question addressed is whether site occupation was seasonal or year-round. Ecofacts, artifacts, features, architecture, and cross-cultural research are used to evaluate this question (Gilman 1987; Jewett and Lightfoot 1986; Kent 1991a, 1992; Kent and Vierich 1989; Lightfoot and Jewett 1984; Plog 1986; Powell 1983; Rocek 1988). Emphasis on documenting the season of occupation has resulted in a focus on small sites in most recent studies (Powell 1990). The examination of small sites means that the household, or some small residential group, is typically the social scale of the research. Less often, larger sites and community mobility are considered (Dean 1969; Kintigh 1985; Nelson and LeBlanc 1986).

Second, when year-round occupation is acknowledged, it is now typically seen as short-term sedentism (Nelson and Anyon 1996; Nelson and LeBlanc 1986) or shifting sedentism (Lekson 1996). Long-term sedentism, or “deep-sedentism” (Lekson 1990), is seen as having been limited to the protohistoric period. Thus, communities are rarely seen as having histories, and historical interpretation is not emphasized in the explanation of regional change.

Third, climatic factors (Carmichael 1990; Schlanger 1988; Schlanger and Wilshusen 1993) and resource depletion (Kohler 1992a, 1992b; Kohler and Matthews 1988; Lekson 1993, 1996; Plog 1986) are the variables most often cited as causing mobility. Finally, sedentism versus mobility is treated as an either/or phenomenon.

Eder (1984) points out that sedentism and mobility are not either-or phenomena, nor are they on opposite ends of a continuum. He argues that sedentariness is a threshold property that applies to social groups, and that mobility is a continuous variable best seen at the level of individuals. This distinction is helpful because it emphasizes that individuals practice mobility in every society—even if their society has crossed a threshold definition of what it means to be sedentary. Seeing mobility as a property only of individuals, however, may cloud the issue by failing to acknowledge that individuals often move in groups.

“Sedentism” is not easily defined. For Plog (1990:180), sedentism refers to “groups in which all major segments of the population—infant, adolescent, and adults as well as males and females—use facilities and structures within a village during all seasons of the year.” Plog stresses the word “use” as opposed to “reside” in this definition because he regards agriculturalists who use both field houses and more permanent habitations as sedentary (Plog 1990:181). Others (Kelly 1992:49; Rafferty 1985:115) use a definition of sedentism offered by Rice (1975:97) in which at least part of the population remains at the same residential site throughout the entire year. These categorical definitions separate sedentism as a threshold property from mobility as a continuous variable, and sedentism is seen as a property of groups rather than individuals.

But defining sedentism as a threshold property remains problematic. For example, in the definitions proposed by Plog and Rice it is impossible to distinguish between the relative sedentariness of groups once they have crossed the threshold definition. As Rocek (1996) notes, the problem of defining sedentism and mobility is more than just terminological; it is a multivariate problem conditioned by variables that are interwoven. The problem should not be addressed with another definition of sedentism but rather by recognizing that all human societies are mobile, that this mobility is multidimensional, and that a society can be described as being increasingly sedentary as the frequency of its residential moves decreases.

Part of the problem is that the concepts used to examine sedentism and mobility have developed entirely from studies of hunter-gatherer, not agrarian, societies (Binford 1980, 1982, 1990; Kelly 1983; Yellen 1977). Mobility strategies in hunter-gatherer studies are typically defined as “seasonal movements of hunter-gatherers across the landscape” (Kelly 1983:277). Binford’s (1980) distinction between residential and logistical mobility—the latter referring to task-specific movement to and from a residential site—is one of the most useful concepts from hunter-gatherer mobility studies. High-frequency residential movement characterizes the most mobile groups. When residential moves decrease in frequency, logistical mobility is increasingly emphasized. When groups are residentially fixed for the entire year they are typically regarded as sedentary, and all mobility is seen as logistically organized. Thus, hunter-gatherer mobility studies are largely limited to the study of seasonal movement. Ecological factors are seen as conditioning these short-term economic decisions. Given this intellectual history, it is no surprise that Southwestern archaeologists have largely focused on the narrow issue of whether individual archaeological sites were occupied seasonally or year-round and have looked to ecological factors to explain mobility.

Logistically organized mobility for the purpose of procuring seasonally available resources was clearly important in the agricultural and mixed economies of the ancient Southwest. But documenting the logistical mobility of these societies does not tell us about their sedentariness. Understanding the sedentariness of a group requires consideration of two aspects of mobility that have been given almost no attention. These poorly understood aspects of mobility are (1) the frequency with which households move their primary residence and (2) the frequency with which communities relocate within regions. The low-frequency residential movement of households and communities—called “long-term” or “territorial” mobility by Kelly (1992) and “supra-annual” mobility by Mills (1994)—characterizes the settlement systems of agriculturalists, groups with mixed economies, and sedentary/complex hunter-gatherers. At present, methods and theories for studying the low-frequency residential movement of households and communities are grossly underdeveloped, and this low-frequency movement cannot be understood using the temporal and social scales of existing hunter-gatherer models.

Ancient Southwestern societies with agriculture were simultaneously mobile and sedentary. That is, as groups became more residentially stable, their logistical mobility became increasingly complex (Binford 1978a, 1980; Eder 1984). Failure to acknowledge that groups can exhibit a high degree of mobility at one scale even as they become more sedentary at another caused archaeologists to talk past one another during the debates of the 1980s. In addition, increasing residential sedentism does not mean that residential mobility decreases in importance. This is particularly true in agricultural societies where people often claim access to their primary means of production—agricultural land—by moving onto the land they cultivate.

But refining our understanding of mobility and sedentism is not an end in itself. Interest in characterizing the mobility and sedentism of ancient societies has been sustained because sedentism and mobility are crucial to understanding the economic and social organization of societies and the development of political complexity (Keeley 1988; Price and Brown 1985). Anthropology has long been concerned with these issues, and archaeology has made many important contributions to them (Fried 1967; Service 1971). Within this tradition, numerous organizational models have been proposed for ancient societies in the American Southwest, resulting in vigorous and sometimes acrimonious debate (Graves, Longacre, and Holbrook 1982; Graves and Reid 1984; Lightfoot 1984; Upham 1982; Upham and Plog 1986). These debates remain unresolved because the empirical evidence needed to address fundamental questions, including accurately determining the length and continuity of site occupation, is lacking. This limits our ability to establish the contemporaneity of sites (Ammerman 1981; Dewar 1991) and undermines any attempt at population and demographic reconstruction (Dean et al. 1985:542; Nelson, Kohler, and Kintigh 1994; Powell 1988), both of which are essential to understanding the social, economic, and political organization of any ancient society.

There is an important link between the subsistence economy, sedentism, and the development of social complexity and inequality. Studies of huntergatherers have demonstrated that agricultural dependence is not necessary for the development of social complexity (Arnold 1993; Brown 1985; Charles and Buikstra 1983; Keeley 1988; Price and Brown 1985). However, the studies that uncouple social complexity from domesticated food production explicitly do not separate complexity and sedentism (Ames 1981:799; Brown 1985:201; Keeley 1988:397). It appears that it is the degree to which resource procurement can be intensified that conditions the degree of sedentism, as well as the types of mobility strategies practiced, regardless of whether the resources are wild foods or cultigens. Intensification and increased sedentism are, in turn, related to changes in a number of practices that structure economies, including storage, trade, territoriality, male and female work patterns, gender inequality, fertility, and household size (Kelly 1992). Understanding sedentism and mobility is therefore central to understanding a suite of problems of more general anthropological interest.

THE DUCKFOOT AND SAND CANYON ARCHAEOLOGICAL PROJECTS

This study concentrates on the Mesa Verde region in southwestern Colorado and southeastern Utah (fig. 1.1). The study area is bounded roughly by the La Plata River on the east, the Mancos and San Juan Rivers on the south, Cedar Mesa on the west, the Abajo Mountains on the northwest, and the Dolores River and La Plata Mountains on the northeast. Archaeologically, this is one of the most intensively studied areas in the world. Numerous large-scale survey and excavation projects have been conducted there, and occupations dating to each of the Pecos classification periods (Kidder 1927) have been thoroughly excavated and interpreted.

Data for this study include four principal sources: the Duckfoot Project; the Sand Canyon Archaeological Project; a database with information on all known large sites dating between A.D. 950 and 1300; and a database of all tree-ring-dated sites in the Mesa Verde region. The Crow Canyon Archaeological Center, a nonprofit education and research institution located in Cortez, Colorado, sponsored the compilation of these data.

Duckfoot is an extremely well-preserved, well-dated habitation site occupied by three households between A.D. 850 and 880. The intensive excavations have been reported in detail (R. Lightfoot 1992a, 1992b, 1993; Lightfoot and Etzkorn 1993), and Lightfoot’s (1994) study of household organization and site formation processes at Duckfoot is the basis for determining the rate at which households discard cooking pots. Development of this discard rate also utilizes comparative material from the Dolores Archaeological Program (Breternitz 1993).

The A.D. 900 to 1300 period has been studied since the late 1800s, but the Sand Canyon Project represents the most recent and thorough investigation. Sand Canyon Project excavations were conducted in the Sand Canyon locality, an area of approximately 200 square kilometers that lies 15 kilometers (9 miles) northwest of Cortez, Colorado (fig. 1.2). Near the center of the locality are two of the largest sites in the Mesa Verde region, Sand Canyon Pueblo and Goodman Point Pueblo, both dating to the 1200s.
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    Figure 1.1 The Mesa Verde region in the American Southwest.


Sand Canyon Project research included a ten-year (1984–1993) excavation project conducted at Sand Canyon Pueblo proper (Bradley 1992, 1993). A second intensive excavation project was conducted at Green Lizard, a small site that was partly contemporary with Sand Canyon Pueblo (Huber 1993; Huber and Lipe 1992). Intensive survey has been completed in the locality, in both upper and lower Sand Canyon (Adler 1990, 1992; Gleichman and Gleichman 1992). The four-year Sand Canyon Project Site Testing Program was designed to bridge the intensive excavations and the intensive survey. Using a stratified random sampling procedure, crews excavated at 13 sites that varied in size, setting, and period of occupation (Varien 1998; Varien, Kuckelman, and Kleidon 1992). A number of projects have been conducted by the Environmental Archaeology Program of the Sand Canyon Project (Adams 1992), and a major effort at modeling ancient climate and agriculture in southwestern Colorado has been completed (Van West 1994; Van West and Lipe 1992). In addition, oral history has focused on historic-period homesteading and agricultural practices in the Sand Canyon locality (Connolly 1992). Finally, the Crow Canyon Archaeological Center sponsored a conference on settlement throughout much of the Southwest during the 1150 to 1350 period, placing the results of the Sand Canyon Project in a larger regional and macroregional context (Adler 1996a; Varien et al. 1996).
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    Figure 1.2 The Sand Canyon Locality with the Mesa Verda region.


KEY TERMS

A number of terms need definition. These include terms for the social groups and spatial units used in the analyses. In addition, the concepts of mobility and sedentism are briefly discussed.

Households

For the purpose of this study, a household is defined as a group of individuals who share a single residence and who cooperate regularly in a number of basic economic and social activities. This perspective recognizes that the form and composition of households—including patterns of coresidence—can vary considerably, both within and between societies (Wilk 1984). This position follows a 30-year trend in which households have come to be viewed behaviorally rather than being categorized into types according to their composition (Dean 1969, 1970; Hammel 1984; Lightfoot 1994; Lowell 1988, 1991; Netting, Wilk, and Arnould 1984; Rohn 1965; Wilk and Netting 1984; Wilk and Rathje 1982; Yanagisako 1979). In other words, households are studied in terms of what they do, not on the basis of the kin relations among the household members. Understanding variation in household form and composition remains a worthwhile field of inquiry but one that is best approached by understanding the household in behavioral terms.

This behavioral perspective provides a better basis for the comparative analysis of household organization; indeed, it developed as researchers confronted the considerable variation that exists in household composition within and between societies. As an analytic unit, the household bridges the gap between the typological classification of ideal family types that was the focus of early studies and the highly variable groups actually observed in ethnographic situations (Wilk and Netting 1984).

Wilk and Netting (1984) have been particularly clear on how to recognize the household as a behavioral unit. My reading of Wilk and Netting does not see them simply arguing for a functional definition of households. Instead, the term function could be replaced with practice. Wilk and Netting argue for understanding households first in terms of the practices of household members. Then the interplay between practice and the structure of a particular group can be examined to better understand the variation in household composition and form.

To examine household practice, Wilk and Netting (1984) recommend focusing on five overlapping activity systems: production, distribution, transmission, reproduction, and coresidence. Production and distribution form the economic base of the household, transmission refers to the role of households in relegating ownership of resources among individuals and between generations, reproduction refers to biological and social reproduction, and coresidence refers to the group that regularly occupies the house.

Lightfoot (1994) adopted this approach in his study of household organization at the Duckfoot site, looking at the dominant activities and their patterned association. For production he examined the construction of houses and the location of tools of production, for distribution he focused on the location of storage facilities, and for coresidence he examined the spaces available for sleeping and the patterned repetition of activity areas across the site. He concluded that the architectural expression of the household at Duckfoot was a pit structure and its associated surface rooms.

Having conducted this analysis of activities, Lightfoot returned to the question of household composition, concluding that Duckfoot households probably comprised extended families that incorporated more than one infrahousehold group. These infrahousehold groups might have been nuclear families or a variety of possible dyads (Lightfoot 1994:158), or they could have been individuals who were not kin-related but who nevertheless resided together in a particular house. The point is that the composition of extended family households is variable and fluid.

Lightfoot (1994:147) went on to examine the worldwide ethnographic literature, concluding that despite variation in household composition and form, variation in average household size is relatively limited: most households range between 4.2 and 7.0 persons. This may be due to census data’s being collected by residence and to limits on the number of people who reside together regardless of whether they have larger extended-family social ties. Lightfoot’s finding does not resolve all the problems one faces in trying to define households behaviorally, but it is good news for archaeologists who want to use residence as a basis for comparative analyses (e.g., the accumulations research in chapters 4 and 5) and as means of estimating population size.

The unit pueblo is interpreted as the archaeological correlate for most households in the Mesa Verde region between A.D. 750 and 1300. The unit pueblo is the recurring association of a pit structure or kiva, a roomblock, and a trash area (Prudden 1903). This patterned association was present by late Pueblo I times, when Duckfoot was occupied, and—despite important architectural changes—continued in generally similar form until Puebloans abandoned the region for residential settlement at approximately A.D. 1290 (Lipe 1989:55). The unit pueblo as the architectural expression of a household is therefore equivalent to the pit structure suite that Lightfoot (1994) sees as representing extended family households at Duckfoot.

Equating a unit pueblo with a household differs from some traditional interpretations because it does not interpret kivas as having been used exclusively for specialized ritual activities, and it does not see kivas as having been used by numerous households, or what is sometimes termed a minimal lineage (Steward 1937). Addressing the first point, recent analyses indicate that many Mesa Verde-region kivas were used for both domestic and ritual activities (Adler 1989; Cater and Chenault 1988; Lipe 1989; Lipe and Hegmon 1989). Regarding the second point, the room-to-kiva ratio is especially high in the cliff dwellings on Mesa Verde, and there kivas have been interpreted as integrating multiple households (Rohn 1965, 1971). However, the room-to-kiva ratio at tested sites in the Sand Canyon locality is approximately 5:1 (Varien 1998), which is less than the 9:1 average reported by Lipe (1989:56) for the Pueblo III period in the Mesa Verde region as a whole. This low room-to-kiva ratio in the Sand Canyon locality is consistent with the interpretation that kivas were used by relatively small social groups.

In a recent study of household organization, Ortman (n.d.) analyzed the location and frequency of grinding bins at Pueblo III and Pueblo IV sites in many regions of the Southwest. Like Lightfoot’s research, Ortman’s study moves from an analysis of activities, or practice, to inferences about household composition. For the Mesa Verde region he documents that a single grinding facility (which includes one or more mealing bins in a spatially discrete location) is typically associated with a unit pueblo. He also reports the range of variation in the number of mealing bins in these grinding facilities and uses the number of bins to make inferences about the size and composition of Mesa Verde-region households. He documents considerable variation in the form and composition of households but concludes that most Mesa Verde-region Pueblo III households were maintained by extended families—an interpretation similar to that made by Lightfoot for Pueblo I households.

These analyses support the interpretation that unit pueblos—and their equivalent architectural suites in larger pueblos—are appropriate archaeological correlates for Mesa Verde-region households in most cases. Households varied considerably in composition and form, but most unit pueblos appear to represent relatively large households. Understanding the variable and fluid nature of the household is an important problem that needs to be addressed by future research, but current research indicates that variation in size of the coresidential household group may have been relatively limited.

Community

For the purpose of this study, a community consists of many households that live close to one another, have regular face-to-face interaction, and share the use of local social and natural resources. There are temporal, geographic, demographic, and social dimensions of community organization that help us recognize ancient communities in the archaeological record. The temporal dimension is straightforward: community members must reside within the community most of the time in order to interact on a regular basis. The geographic dimension means that the territory occupied by a community must be small enough to permit regular, face-to-face interaction. The demographic dimension means that there are upper and lower limits to the population size of the community. On the low end, the community is larger than individual households or groups of households that form a corporate group. On the high end, cross-cultural data suggest that there are upper limits to the size of communities in politically nonstratified societies. Perhaps most important is the social dimension. By interacting on a regular basis in a geographically limited area, community members share access to local resources. These resources include both productive natural resources—land, water, raw materials for tool manufacture, and wild foods—and social resources—the labor, experience, skills, creativity, and intellect of fellow community members.

In what follows, I examine these dimensions in an effort to build the social theory of ancient agrarian communities and to construct bridging arguments that link this theory to the archaeological remains used to identify ancient communities.

Communities are composed of individuals, and the membership of communities, like that of households, is fluid. The individuals that make up a community typically live with other individuals in residential sites, forming the households discussed earlier. It is tempting to describe communities as entities, thereby reifying the concept and implying that communities somehow act. But it is important to remember that it is people, and not communities, who act. Community members do develop institutions (e.g., kin groups, sodalities, ceremonialism, and land tenure), but it is the practices of individuals that produce and reproduce these institutions. And it is the practices of individuals that create the material remains that archaeologists use to identify the community. Because all communities are historically situated—they occur in a particular time and space—this perspective on communities as collections of individual actors is not simply a manifestation of methodological individualism (Watkins 1968). Individual actors do not behave independently of historically contingent forces.

The temporal placement of individuals in history results in behavior that is both enabled and constrained by conditions specific to a particular point in time. Examples of historical circumstances that enable and constrain individual behavior include the mode of production (including both the social relations of production and the means of production) specific to a society, the external environmental conditions in which people lived, and the customs and ideology of a society, which are embodied as an individual’s habitus (Bourdieu 1990).

The geographic dimension in which individual community members are situated includes their proximity to natural resources, to other community members, and to the members of neighboring communities. The geographic dimension of historical contingency is particularly important because communities are both people and place. That is, communities are places where individuals interact on a regular basis (Murdock 1949). Regular face-to-face interaction should not be glossed as a familiarity that results simply from seeing one another frequently. Instead, it should be understood in terms of how interaction in the context of copresence is fundamental to the production and reproduction of society (Giddens 1984:64–72). Some degree of spatial proximity is a prerequisite for this regular interaction. The spatial dimension also encompasses the built environment, consisting of both residential and public architecture found within the community, and the way in which this built environment affects interaction in the context of copresence.

The social dimension includes historical conditions, which combine the dimensions of time and space. These historical conditions provide the “structure,” or the rules and resources that people draw upon as they pursue their socially defined self-interest (Giddens 1984). Intracommunity and intercommunity relationships were an important part of the structure of ancient society in the Mesa Verde region. Just as our understanding of households is informed by analyzing the practices of household members within the confines of their residence, our understanding of communities is informed by analyzing the practices of community members within the larger context of the community and the regional social landscape. In cross-cultural analyses, Adler (1990, 1996b) found that communities in politically nonstratified societies were critical to the creation and perpetuation of land tenure rights in the context of a larger regional landscape that included many other—often competing—communities.

Thus, behaviors organized at the level of the household shape the labor inputs of agricultural systems, but behaviors organized at the scale of the community shape the negotiation of rights to land (Brush and Turner 1987). The community can therefore be seen as a territorial unit whose members recognize shared access to the productive resources of the vicinity, even though those resources may be allocated to individual users (Adler and Varien 1994:84). The institutions that facilitate this social process thereby play an important role in economic organization that encompasses individuals, households, and larger corporate groups. Decision making at the level of the community is often required to resolve disputes between community members over access to resources (Brush and Turner 1987). This illustrates the political dimension of the practices that occur within communities, and institutions develop to facilitate this political activity.

There is still much to learn about the organization and boundaries of ancient Southwestern communities, but I agree with Lekson (1991:42) that “if the unit house is the fundamental element of Anasazi architecture, the community is the fundamental unit of Anasazi settlement.” This is especially true for the Mesa Verde region, where archaeological survey has consistently shown that residential sites do not occur in isolation but rather are grouped together into settlement clusters (Adler 1990; Fetterman and Honeycutt 1987; Greubel 1991; Neily 1983; Rohn 1977). Because settlement is clustered at a number of inclusive levels, there arises the question, which level of settlement clustering represents a community? Cross-cultural research indicates that there is an upper limit to the population of communities in politically nonstratified societies. In a worldwide sample that included examples from the American Southwest, Adler (1990, 1994; Adler and Varien 1994) found that such communities did not exceed 1,500 people; other researchers place the limit at approximately 2,000 people (Forge 1972; Kosse 1990; Lekson 1984). Population estimates for the settlement clusters identified as Mesa Verde-region communities should be at or below these levels. Thus, there are population thresholds as well as spatial thresholds that help us recognize the upper limits for the size of Mesa Verde-region communities.

In accordance with the perspective that institutionalized economic and political behavior characterized community organization, Adler (1990) and Adler and Varien (1994) looked for evidence of activities that integrated individuals and households within the larger social context of communities. They focused on the role of public architecture. Cross-culturally, the public structures used by entire communities tend to have the largest floor areas and the most specialized uses of any buildings in the community (Adler 1989; Adler and Wilshusen 1990). These cross-cultural patterns help us identify particular buildings in the Mesa Verde region as public architecture. To identify communities and their boundaries, Adler and Varien (1994) combined the spatial clustering of residential sites and the presence of public architecture in those clusters.

This combination of settlement clustering and public architecture is used to identify communities in the analyses that follow. Lipe (1994:5) takes a similar perspective in defining what he calls “first-order, face-to-face communities.” He notes that these first-order communities can form alliances with other, similar communities, but he keeps these alliances conceptually distinct from the first-order communities themselves. He further argues that these alliances need not exhibit formal political hierarchies or a regional polity, which implies that the supracommunity alliances may not be as persistent through time as the first-order communities that make them.

It is likely that further research into the definition of community boundaries and the nature of community organization in the Mesa Verde region will document a wide range of settlement configurations. The geographic and demographic scales of communities will almost certainly vary across space and through time. Some settlement clusters may be smaller than others and lack public architecture, or they may have unrecognized types of public space. Ultimately, analyses of this variability will be essential to a full understanding of Mesa Verde-region society, but in this book I examine only communities that meet the criteria of having a settlement cluster with an associated community center.

Residential Sites, Localities, and Regions

Residential sites, localities, and regions are the spatial units used to study households and communities. Residential sites have distinct boundaries and contain structures and middens used by one or more households. The residential sites examined in the analyses that follow are interpreted as the primary residences for their households. A locality, as defined by Willey and Phillips (1958:18), is typically a spatial unit larger than a residential site and smaller than a region. In this study, locality refers to the area immediately surrounding a community or cluster of communities. It is the area from which a community derived the bulk of its sustaining resources (Lipe 1992:3), and it is therefore roughly analogous to the catchment areas discussed in chapter 7. In the case of the Sand Canyon Project, locality boundaries were drawn at the beginning of our investigation into community organization to ensure that research was conducted at a scale appropriate to a study of one or a few multisite communities (Lipe 1992:2).

The Mesa Verde region encompasses the sustaining areas for many communities whose combined interaction produced distinct regional architectural and pottery traditions. Recent evaluation of traditionally defined archaeological regions in the Southwest demonstrates that there was considerable variation in the patterns of interaction within these areas (Duff n.d.). This is no doubt true for the Mesa Verde region, but as a whole it displays relative homogeneity of material remains when they are compared with remains found in surrounding regions.

Mobility and Sedentism

Three tendencies continue to characterize analyses of mobility and sedentism, even as greater variation in mobility strategies is recognized. First, mobility and sedentism continue to be conceptualized as lying at either end of a unilineal continuum. Second, a paradigm is used that stresses classification and typology as a means for dealing with the variation. Finally, research fails to integrate the appropriate social and spatial scales. The result is that newly recognized variation in mobility strategies simply fills our classificatory continuum with ever more numerous types of mobility.

This study focuses on the low-frequency residential movement of households and communities in agricultural societies. This low-frequency movement has been ignored because sedentism has been defined as a threshold reached when groups remain in one place for an entire year. After people cross this arbitrary threshold, the mobility that remains to be studied is logistical movement, and the only recognized type of residential movement is long-distance migration. The low-frequency residential movement of households and communities has been lost in the netherworld of our classificatory continuum, somewhere between the residential movements of collectors and the migrations of larger groups. The low-frequency residential movement of households and communities in agricultural societies should not be seen as another “type” of mobility that fills this unilineal continuum. Instead, mobility is variable and multidimensional, and low-frequency residential movement is only one dimension of the mobility practiced by these groups. Mobility in the Mesa Verde region occurred simultaneously at a number of social, temporal, and geographic scales; seasonal, logistically organized mobility was undoubtedly important in these societies as well.

With regard to sedentism, threshold definitions do not allow us to distinguish among the relative sedentariness of groups. This problem can be addressed by focusing on the frequency of their residential moves. Thus sedentism, unlike mobility, is unidimensional and can be conceptualized as forming a continuum.

MOBILITY AS A SOCIAL PROCESS

Modeling mobility as a social process requires social theory; the concepts of structure, agency, and practice (Bourdieu 1990; Giddens 1984; Ortner 1984) are essential to the social theory used to interpret mobility and sedentism in the Mesa Verde region. In addition, considering mobility as part of a society’s mode of production is important in understanding population movement in social terms (Halperin 1989).

Structure, Agency, and Practice

“Structure” is similar to what has been traditionally termed culture, society, or even “the system,” but structure, as used in recent social theory, differs from the traditional view. In the traditional view, structure included the roles, rules, norms, and institutions of a society; individuals learned the rules and norms and passively assumed the roles defined by institutions. This view has been criticized because it sees an individual’s behavior as a simple predetermined enactment of these rules, norms, and roles (Ortner 1984:150) and because little attention is paid to how structure is produced, reproduced, and transformed. My use of the term structure follows that of Giddens (1984) and refers to the rules and resources that people draw upon in their daily interactions.

Recent theories do not view structure as a given. Instead, the origin and transmission of structure is viewed as an important problem in its own right. The attempt to understand how structure is produced, reproduced, and transformed has resulted in a different perspective on the relationship between structure and individuals. Rather than viewing individuals as passive receptacles of culture who enact rules and norms, recent studies view them as conscious, strategic actors or agents. As strategic actors, individuals are enculturated and socialized, and this does constrain their perceived options for behavior, as described in Bourdieu’s concept of habitus (Bourdieu 1990). But within the parameters set by this habitus, individuals also consciously develop strategies for manipulating the structure, and this, in part, accounts for how the structure is both reproduced and transformed. Recent studies also stress that perceptions of the structure vary among individuals in a society; this variation can be along age, gender, ethnic, or factional lines, producing not one but many structures. The complex relationship between structure and agency has come to be one of the chief problems examined by social theory (Giddens 1979, 1984; Ortner 1984:145).

Attempts to examine the relationship between structure and agency have been termed “practice theory” (Bourdieu 1990) or “structuration theory” (Giddens 1984). These studies stress that structure and agency are not a dichotomy but two sides of a reflexive relationship. The daily practice of strategic actors produces and reproduces the structure. That is, structure develops as a historical process that serves both to constrain and to enable an individual’s behavior, but it is the regular action and interaction of individuals that produce and reproduce the structure.

Incorporating the concepts of structure and agency into archaeological theory does not mean tracing specific individuals and their specific actions in the past (Cowgill 1993a, 1996) but recognizing that the archaeological record is the aggregated residue of the actions of strategic actors—a residue that is, of course, transformed by formation processes (Shennan 1993). In Cowgill’s words (1993a:556), this entails “seeing ancient remains as the outcome of behavior by conscious, knowing actors, negotiating and strategizing in pursuit of diverse aims.”

Important problems remain for any social theory that uses the concepts of structure and agency. Not the least of these is gaining a better understanding of what motivates actors in their “diverse aims” (Cowgill 1993a; Ortner 1984). One theory of motivation is what Ortner (1984:151) terms “interest theory,” which sees actors as pursuing their self-interest in an individualistic and “rational” manner. That actors operate in particular environmental, technological, and social contexts (Cowgill 1993a, 1993b; Earle 1991) means that rationality refers to behavior that is sensible from a means-to-ends perspective. This is different from the rationality that characterizes some formal models in which optimizing behavior is deliberately viewed as unaffected by cultural constraints. This culturally constituted, pragmatic rationality is one aspect of motivation, but it is not the only thing that motivates strategic actors (Cowgill 1993a; Ortner 1984:151).

As Cowgill (1993a) points out, humans also display nonrational propensities, which he divides into universal and local nonrational propensities. These propensities are not irrational, but they are motivations that produce behaviors that cannot be understood solely in terms of self-interest. Universal nonrational propensities include motivations that are grounded in our nervous systems and influenced by our genetic makeup (Cowgill 1993a:558). They are also influenced by the social learning that occurs in particular cultural contexts, resulting in local nonrational propensities (Cowgill 1993a:559).

A second problem facing social theory is understanding how structure is transformed. Some critics have argued that Bourdieu’s concepts of habitus and practice are no more than a sophisticated version of functionalism, meaning that individuals learn habitus and then through practice reproduce habitus (Jenkins 1992). Such a view, critics argue, cannot explain why and how change occurs. Practice theory (Bourdieu 1990), structuration theory (Giddens 1984), and other models of structure and agency (e.g., Sahlins 1981) avoid this problem. Structure provides the context for action, but people simultaneously manipulate their structure, using the resources that are available to them, and this serves to change structure. In addition, individual behavior generated by a historically constituted structure encounters a present that is never an exact replica of history. The ever-changing present is shaped by external forces (e.g., environmental change or expansionist societies) and internal forces (e.g., ambition, creativity, innovation, social contradictions, and the unintended consequences of human action). This dialectic, in which strategic actors reflexively draw on a historically constituted structure to act within an ever-changing present, provides the context in which change occurs. Archaeology is unique among the social sciences in its ability to view the long-term interplay between structure and practice and to understand how structure is both reproduced and transformed.

Structure, Agency, and Practice in Mesa Verde-Region Mobility Patterns

How do the concepts of structure, agency, and practice apply to mobility patterns in the Mesa Verde region? The residential movement documented by this research, in which the relatively high-frequency movement of households occurred in a social landscape characterized by relatively persistent communities, is best understood by using this conceptual framework. Residential movement was a practice by which individuals and households gained access to their primary means of production: land and labor. Residential mobility, therefore, was one aspect of the group’s mode of production and was strategic in the sense that it enabled individuals and households to gain access to the most important resources necessary for production. Households, and the individuals that comprised households, were strategic actors that negotiated residential movement through a historically constituted structure: the social landscape defined by the communities that developed over centuries in the Mesa Verde region.

Cowgill (1993a:559) discusses how local rules are a part of the structural context in which strategic actors operate. By local rules, Cowgill means widely shared (at least along age, gender, class, and factional lines) ideas about how things are to be done, ideas that can range from obligatory laws to less binding standards of “proper” behavior. It may be misleading to think of these as “rules” because there is so much variation in how widely they are shared, the degree to which they are followed, and the extent to which they are or are not articulated. Nevertheless, in the jargon of modern social theory, these local rules are contained in one’s habitus and expressed through practice.

Regardless of the terms used, local rules are an aspect of structure that would have affected residential mobility. Particularly relevant to residential mobility are practices related to land tenure, resource access systems, and marriage and residence rules. The issue is whether these aspects of structure can be recognized in the archaeological record; I argue that they can. The geographic and demographic scales of communities can be measured and used to make inferences about the mobility of individuals that resulted from the formation of new households at marriage. Residential mobility can be monitored by measuring site occupation span, and inferences can be made about land tenure systems based on the frequency of residential movement and the nature of the regional social landscape in which that movement occurred. Thus we can monitor the interplay between one aspect of structure—land tenure systems—and the practice of residential mobility over centuries.
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ANTHROPOLOGICAL PERSPECTIVES ON SEDENTISM AND MOBILITY

In most existing models, sedentism and mobility are viewed as being structured by the subsistence economy and by environmental variables. The following conclusions can be drawn from a review of these models: (1) there is no deterministic relationship between particular subsistence and mobility strategies; (2) there is a strong relationship between sedentism, mobility, and the intensification of a variety of subsistence strategies; and (3) there is a need to develop models of sedentism and mobility that integrate both ecological and social factors. Traditional models that were developed through examination of hunter-gatherer subsistence economies are inadequate for a full understanding of population movement, but they do provide an important foundation for developing a more satisfactory understanding of sedentism and mobility. The approach taken here is to extract what is useful from these models and specify how it applies to the Mesa Verde region.

SEDENTISM AND MOBILITY AS RESEARCH ISSUES IN ANTHROPOLOGY

Since the beginnings of their discipline, anthropologists have recognized that sedentism and mobility are important characteristics of human societies (Morgan [1877] 1985). Whether or not groups were sedentary was considered both in unilineal models of social evolution from the late 1800s and early 1900s and in later multilineal models. These models were correct that increasing sedentism is correlated with increasing political complexity, but they viewed sedentism and mobility only as attributes useful in classifying societies and not as features worthy of study in their own right.

When mobility itself began to be studied, it was approached using a paradigm that stressed classification and typology. This approach recognized greater variation in mobility strategies, but the variation was accommodated by creating more categories: nomadic, seminomadic, semi-sedentary, and fully sedentary; or free wandering, restricted wandering, center-based wandering, and semipermanent sedentary (Beardsley et al. 1956).

The study of mobility strategies since about 1960 has been one of the great achievements of processual archaeology. This research documents and attempts to explain the considerable variability that characterizes the organization of mobility patterns. These studies have improved our understanding of human economic life and demonstrated how the organization of mobility patterns affects the formation of the archaeological record. Sedentism and mobility are seen as the result of economic and social decision making, and this decision making is typically modeled in terms of inputs versus returns in a cost-benefit analysis that incorporates the concepts of risk and uncertainty.

Risk taking and risk avoidance are usually defined as recognizing the probabilities of loss, where these probabilities are known or can be estimated (Cashdan 1985; Hegmon 1989; Wiessner 1982; Winterhalder 1986). For example, farmers do not know whether it will rain, but they do recognize the probability of loss if it does not rain. Loss is a somewhat clumsy concept when applied to human decision making, but it is typically defined as the probability of falling below a particular threshold (Hegmon 1989; Winterhalder 1990). When Hegmon simulated sharing behaviors among agriculturalists, she defined loss as occurring when productivity fell below the threshold of producing enough food to eat and meet social obligations (Hegmon 1989:90). In modeling risk-sensitive decision making, researchers have tried to identify the conditions that result in people’s choosing risky behaviors, as opposed to the conditions that lead people to choose behaviors that minimize risk (Kohler and Van West 1996; Smith 1988; Winterhalder 1990). Uncertainty, as opposed to risk, is the condition of imperfect knowledge or insufficient information (Smith 1988). People never seek to increase uncertainty; instead, they typically respond to uncertainty by trying to reduce it (Smith 1988).

Inherently risky and uncertain conditions are produced by variation in the temporal availability and spatial distribution of resources and by environmental fluctuations that affect the availability and distribution of resources. Studies that employ the concepts of risk and uncertainty to model human decision making typically focus on actors operating in stochastic environments (Hegmon 1989). Nichols (1987) follows Sanders and Webster (1978:253) in defining environmental risk as present when any environmental parameter essential to the production of energy exhibits wide, relatively frequent, and unpredictable variation.

Mobility is seen as one means by which people cope with the risk and uncertainty produced by variation in the distribution of resources and by changing environmental conditions (Smith 1988). Individuals move to gain improved access to both productive and social resources, thereby reducing the risk of loss. Mobility also allows individuals to acquire knowledge about the distribution of resources, thereby reducing uncertainty. When mobility is restricted and groups become more sedentary, practices such as storage and exchange become more important in mitigating the effects of risk and uncertainty (Braun and Plog 1982). The consequence of this perspective is that practices such as exchange and storage have received considerable study for groups with limited residential mobility, but the low-frequency residential movement of these groups has been all but ignored.

Sedentism, too, has been viewed in evolutionary and comparative terms. Synchronic studies see one society as either more or less sedentary than another, while diachronic studies evaluate changes in the sedentariness of a specific group (Kelly 1992:49). Evolutionary theories that seek to explain the emergence of sedentism have been categorized as either push or pull theories (Kelly 1992:51). Pull models, sometimes termed the “Garden of Eden” hypothesis, argue that groups reduced their mobility and adopted sedentism to exploit abundant, concentrated resources. Push models see population-resource imbalances as stimulating intensification, which in turn results in sedentism. Push models can be divided into materialist and nonmaterialist theories; the former see the impetus for increasing sedentism as being external to the society (e.g., environmental change), and the latter argue that social factors within societies (e.g., competition for social power) stimulate increasing sedentism (Bender 1979, 1985, 1990; Kelly 1992; Lourandos 1985, 1988). These are important issues—a theoretical understanding of sedentism and mobility is critical to understanding human evolutionary change (Kelly 1992).

MOBILITY, SEDENTISM, AND THE SUBSISTENCE ECONOMY

Sedentism and mobility are most often linked to the subsistence economy, which is seen as being structured by the environment. To examine how the subsistence economy might have conditioned sedentism and mobility, I place subsistence economies into four general categories: (1) hunting and gathering economies without food production, (2) extensive-mixed economies with food production but with an emphasis on wild food resources, (3) extensive agricultural economies, and (4) intensive agricultural economies. These are not discrete categories, and they are not offered as a typology of subsistence economies. Instead, they are heuristic categories that facilitate a discussion of the relationship between the subsistence economy and sedentism and mobility.

The following discussion demonstrates that there are correlations between the environment, the subsistence economy, and sedentism and mobility, but the relationship among these variables is not deterministic. Points that are specifically applicable to the Mesa Verde region are emphasized. Further, it is worth considering hunter-gatherer research because wild resources were always an important part of the subsistence mix in the Mesa Verde region.

Hunting and Gathering Economies

Binford’s (1980) distinction between residential and logistical mobility is the key to distinguishing foragers from collectors. Binford (1980, 1990) examined how these mobility strategies were conditioned by the environment. He found that foragers commonly rely on residential mobility in tropical equatorial regions with high-biomass environments and arctic regions with low biomass (Binford 1980:14). Conversely, collectors emphasize logistical mobility in temperate environments and boreal forests (Binford 1980:14). Kelly (1983) looked at how the general structure of the environment affected accessibility to and monitoring of resources. He found that hunter-gatherers in high-biomass environments (except those dependent on aquatic resources) move frequently because most resources are relatively inaccessible, and resources that are accessible are quickly depleted. In temperate environments, there is increased resource accessibility and therefore reduced residential mobility. There is little need to monitor resources in equatorial zones, with their year-long growing seasons, but monitoring is critical in colder, seasonal environments. In those environments, logistical mobility is used to monitor resources and acquire information for future residential and logistical moves (Kelly 1983:298–299).

Kelly further demonstrates how the environment affects the distance between residential moves. Moves are short in tropical, high-biomass environments where resources are evenly distributed. Conversely, residential moves are longer in colder, lower-biomass environments where some resources occur in particular, widely separated ecological zones. Binford and Kelly both demonstrate an increasing reliance on storage in seasonal environments, with storage being critical for surviving the winter. Storage results in reduced residential mobility, shorter-distance moves, and increased reliance on logistical mobility. Keeley’s (1988) cross-cultural analysis of hunter-gatherers demonstrates a strong positive correlation between storage dependence, increased sedentism, and higher population density in these societies.

Less attention has been paid to the long-term movement of huntergatherers, largely because ethnographic fieldwork cannot observe longterm land use practices of hunter-gatherers. Binford’s (1983) description of long-term movement by the Nunamiut is one of the most frequently cited discussions of long-term mobility. By interviewing Nunamiut elders, Binford reconstructed a model of long-term land use in which Nunamiut make long-distance residential moves every six to ten years as localities are depleted of resources. In this way the Nunamiut circulate through a series of adjacent localities. Depleted resources in previously utilized localities are eventually replenished, and the Nunamiut return after several decades to the locality where they were born to begin another cycle of long-term land use. Kelly (1992:45) terms this “territorial” or “long-term” mobility. The Nunamiut model has been adopted by some researchers to characterize the long-term movement of groups in the Mesa Verde region (Kohler and Matthews 1988).

Finally, both Binford (1980:12) and Kelly (1983:296, 302, 1992:45) stress that foragers and collectors, and residential and logistical mobility, should not be made into types. Instead, these are sets of strategies that can be mixed by a single group, and this mix can change over time. Binford was concerned not just with reconstructing hunter-gatherer economies but with understanding how these general sets of strategies differentially affected the formation of the archaeological record (Binford 1982). The relationship between long-term mobility and site structure is particularly important in this regard; long-term changes in mobility strategies result in the changing use of a locality and in the deposition of functionally different assemblages at sites.

The research of Binford and Kelly suggests that the Mesa Verde region favors a collector strategy because of its seasonal environment and patchy distribution of wild foods. Residential moves should be relatively infrequent and cover relatively long distances. Storage would be needed to survive lengthy winters. The intensification of storage and the difficulty in obtaining wild foods in winter would promote residential stability for all groups living in the Mesa Verde region. Thus, all prehispanic settlement systems in the Mesa Verde region should be characterized by relatively few residential locations and numerous special-purpose resource extraction sites. Among groups who did practice seasonal movement of residential sites, it probably involved movement from lower elevations in the winter to higher elevations in the summer.

Extensive-Mixed Economies

The term extensive-mixed economies is used to refer to groups who depend on wild foods for the bulk of their subsistence but who also cultivate domesticated foods. Environmental archaeology provides a rich database on these subsistence economies in the ancient Southwest. By at least 1000 B.C. the subsistence base of these groups was a mix of wild and domestic resources (Matson 1991; Wills 1988a). Researchers have vigorously debated the importance of cultigens in these economies (Matson 1991; Smiley 1993, 1994; Wills 1988a, 1988b, 1990, 1992, 1995).

Matson (1991:222, 240) has argued that reliance solely on wild foods limited the degree of intensification that could occur on the Colorado Plateau and that the low environmental diversity and irregular spatial and temporal distribution of wild food resources could support only very low population densities. Matson and his colleagues have conducted a number of analyses that suggest that residents of the Mesa Verde region were heavily dependent on maize agriculture by 2,000 years ago (Matson and Chisholm 1991), and Matson (1991:243) sees the adoption of maize agriculture as the critical change that allowed larger populations to inhabit the plateau. Agricultural production, no matter how casually it was practiced, required that crops be harvested and stored for a period of time. Bulk storage restricts residential mobility and favors an increasingly logistically organized system of movement. In addition, agriculture requires increased monitoring—at least at some points in the cycle of plant growth—which also reduces residential mobility (Kelly 1983:301).

The Amazonian Machiguenga of southeastern Peru are an interesting example of a group with a mixed economy that includes hunting, gathering, and horticulture (Keegan 1986). When the Machiguenga forage for wild plant foods, a response to decreasing marginal returns is to move to a new patch. A garden can be thought of as another patch, and repeated maize cultivation in Machiguenga gardens results in decreasing yields owing to factors such as soil depletion. But the cultivation of gardens offers an alternative to abandonment and mobility: Machiguenga gardens can be intensified through practices such as weeding and the selecting of specific strains of plants. Keegan (1986:97) argues that the Machiguenga choose to intensify maize gardens because maize is an important and accessible source of protein and because gardening can be readily intensified. Because of its potential for intensification, cultivation—even when it forms only a small percentage of the subsistence base—can promote increased sedentism.

Extensive Agricultural Economies

“Extensive” refers to societies where agriculture is the preeminent food resource but where agricultural methods are simple, not labor-intensive, and characterized by long periods when fields are left fallow. Swidden systems are examples of extensive agricultural economies; as defined by Conklin (1961:27), these are systems in which the fallow period is longer than the cropped period. From a microeconomic perspective, extensive agriculture is characterized by low labor investments in cultivation, high returns to labor, and abandonment when yields decline (Stone 1993:74). Almost all cultivation degrades agricultural resources unless there is some form of intensification, and thus resource depletion results in increased production costs and often decreased yields. Among extensive agriculturalists, mobility is therefore stimulated by the decreasing yields that accompany the resource depletion associated with extensive agricultural practices.

Many researchers argue that a form of shifting or swidden agriculture characterized groups in the Mesa Verde region of the Southwest (Kohler and Matthews 1988; Lekson 1996; Matson 1991; Matson, Lipe, and Haase 1988; Schlanger 1988; Stiger 1979). Wild foods are common in the botanical remains from Mesa Verde-region sites, but they are dominated by plants that grow in disturbed areas (Matthews 1986; Petersen et al. 1987) and animals that thrive in active and abandoned fields (Neusius 1987; Petersen et al. 1987). Thus, the types of wild foods present at Mesa Verde-region sites are seen by many as further evidence of an extensive agricultural economy.

Those who interpret Southwestern agriculture as a type of swidden farming usually see resource depletion as the stimulus to mobility. But extensive agriculture on the Colorado Plateau differed in important ways from the swidden agriculture practiced in the tropics (Conklin 1961; Harris 1973). In the tropics, rapid revegetation is critical to the regeneration of soil nutrients. In Southwestern environments, revegetation does not happen quickly. On the Colorado Plateau, it takes 350 years for a mature pinyon-juniper forest to regenerate (Erdman 1970:18; Stiger 1979:136). Researchers have suggested that burning the pinyon-juniper forest was a means of increasing soil fertility (Matson 1991). Given the slow regeneration of the pinyon-juniper forest, this type of swidden farming could have occurred only at extremely lengthy intervals in the Mesa Verde region.

Kohler and Matthews (1988) argue that shifting cultivation results in deforestation and depleted firewood supplies, and that scarcity of firewood, as much as the depletion of soil, drives mobility. Schlanger (1988, 1992) also views the Mesa Verde-region inhabitants as shifting cultivators, but she sees their mobility as conditioned by uncontrollable climatic fluctuations, primarily the chronic problems of low rainfall and short growing seasons. In sum, many researchers see Mesa Verde-region agriculture as an extensive system in which movement was conditioned by both climatic conditions and the depletion of critical resources, but these studies focus on the Pueblo I period and not on the later, more populated Pueblo III period.

The addition of cultivation to the subsistence mix promotes sedentism. But with increased reliance on cultivation, groups face a new set of decisions with regard to lower-frequency, supra-annual residential movement. As the yields from cultivated plots decrease because of resource depletion, people are faced with the choice of abandoning fields or intensifying production in those fields. Stone (1993:78) argues that the decision to abandon or intensify depends in part on the “social technology” of particular societies. Groups that Stone (1993:79) calls “extensifiers,” such as the Tiv who farm in the West African nation of Nigeria, abandon their fields and move to a new locale. The Kofyar, who inhabit the same territory, are “intensifiers” who stay put and intensify agricultural production.

Intensive Agricultural Economies

Land, labor, and technology are the universal resources of consequence in agricultural intensification, resulting in the cross-cultural and cross-disciplinary applicability of the concept of intensification (Brush and Turner 1987:12; Stone 1993:74). Operational definitions for intensification have been provided by economists, geographers, and anthropologists (Boserup 1965; Brookfield 1972, 1984; Brown and Podolefsky 1976; Stone 1996; Turner and Doolittle 1978:297). In these studies, agricultural intensification has been defined in terms of both the frequency of cropping and the changing technology of production. Most theories measure agricultural intensification in macroeconomic terms—at the scale of entire subsistence economies. Chayanov (1966; Netting 1993:295–319), on the other hand, examines the microeconomic logic of agricultural intensification, arguing that agricultural households in peasant societies alternately intensify and extensify production in response to the fluctuating ratio of producers to consumers in the household. A point of consensus that emerges is that agricultural intensification should be viewed as a continuous variable and not as a dichotomy between extensive or intensive systems. Here, I define intensification simply as an increase in energy inputs per unit area of land.

Boserup’s (1965) model of intensification focuses on the increased frequency of cropping and treats population pressure as stimulating this form of intensification. Her model has been widely used and widely criticized (Cowgill 1975; Grigg 1979; McGuire 1984). Criticism focuses on two elements of Boserup’s model: (1) that factors other than population growth can cause intensification, and (2) that mobility and abandonment are not considered as options in her model (Stone 1996).

With regard to the first criticism, environmental and social conditions—in addition to population growth—can both limit and promote intensification (Bender 1979, 1985; Bronson 1972, 1977; Brookfield 1972; McGuire 1984). In the Mesa Verde region, flexibility in cropping frequency, an important variable in Boserup’s model, would have been limited by the relatively short growing season. In arid lands, risk management strategies might also have influenced agricultural technology, creating a wide diversity of cultivation strategies (Fish and Fish 1984:1; Nichols 1987); these diverse strategies should be kept conceptually distinct from intensification resulting from population pressure or social relations of production. Social relations of production—for example, the production of surplus to finance social and political activities—can promote intensification regardless of population density. Several researchers have argued that intensification requires a managerial hierarchy (Lightfoot and Plog 1984; Upham 1984:295; Vivian 1974, 1984, 1990), but a worldwide survey of intensive agriculturalists indicates that intensification can occur without managerial hierarchies, and managerial hierarchies can in fact inhibit the efficiency of intensified agricultural systems (Netting 1990:55, 1993).

Despite the criticisms of Boserup’s model, an important insight from her work should not be lost: higher population density and subsistence intensification are directly and regularly associated (Bronson 1977; Keeley 1988; Netting 1990:38). Correlation is not causality, but unpacking the relationship between these variables is critical to understanding Mesa Verde sedentism and mobility. The work of Boserup and Chayanov also suggests that understanding agricultural intensification and its effect on population movement requires knowledge of the conditions affecting production at both the macrolevel (at least at the scale of communities interacting within a region) and the microlevel (households as units of agricultural production).

Further, Boserup and Chayanov suggest that farmers intensify production only when they have to, and agricultural production will reextensify if the demands that stimulate intensification are eased. The principle of least effort that is at the heart of the Boserup and Chayanov models runs counter to social strategies that seek to promote intensification. Primary producers seek to limit labor inputs while ambitious leaders seek to promote intensified production. This contradiction has potential for transforming the organization of society and promoting the development of social inequality (Bender 1979, 1985, 1990).

Mesa Verde-region agriculture was intensified both by shortening the fallow period and by changing the technology of production (Kohler and Matthews 1988; Rohn 1963, 1972, 1992; Schlanger 1988). Shortening fallow and traveling farther to fields were the primary means of intensification between A.D. 600 and 900 (Kohler and Matthews 1988:545). Shortening fallow remained important after 900, but the technology of production was also intensified sometime after 1000 when water and soil control facilities (e.g., reservoirs, check dams, and contour terraces) became more common (Kohler and Matthews 1988:557; Schlanger 1988:773; Wilshusen, Churchill, and Potter 1997). The post-1000 period is a time when population density may have risen to the point that residential mobility was restricted (Dean et al. 1985:547–549).

In summary, subsistence intensification has important implications for the study of sedentism and mobility, regardless of its causes or the nature of the subsistence mix. There is a relationship between intensification, the relative scarcity of productive resources, and the development of resource access systems (Adler 1996b; Netting 1982, 1993:157–188). More extensive systems result in temporary landownership only so long as the land is being used (usufruct rights), while intensification increasingly results in permanent private ownership and heritable property rights (Netting 1993:157–188). Furthermore, intensification involves the construction of agricultural facilities as well as more substantial residences and storage structures, with the result that people are reluctant to relinquish these investments. Thus, agricultural intensification can result in increased sedentism and reduced residential mobility.

CRITIQUING THE GENERALIZING MODELS

Wiessner (1982) offered an early critique of Binford’s (1980) research into hunter-gatherer mobility. She argued that mobility and settlement systems are not just organizational systems that relate people to resources but also systems that relate people to other people. By acknowledging the role of the social relations of production, one can bring new data to bear on the problem of understanding mobility and settlement system organization. Adopting a risk-reduction model as her framework for examining the social relations of production, Wiessner looked at how the social relations of production shape material remains through inter-and intragroup interaction. Particularly important in her analysis are the strategies of pooling resources and unrestricted sharing versus storage and restricted sharing.

Halperin (1989) thoroughly critiqued mobility research in a review that traced the development and separation of ecological and economic anthropology. She borrowed Polanyi’s (1957) distinction between locational and appropriational movements to trace the split between these two subfields. Locational movement involves “changing place,” and this became the focus of ecological anthropology. Appropriational movement involves “changing hands,” the traditional focus of economic anthropology. Studies of locational movement investigate the physical movement of people and goods across the landscape through spatial analysis. Research into appropriational movement examines organizational changes and the transfers of rights, requiring an analysis of people and their institutions (Halperin 1989:18).

The separation of these two subfields results in ecological anthropology’s focusing on issues related to production and economic anthropology’s focusing on matters relating to distribution. Ecological approaches deal with subsistence economies but pay little attention to concepts important in economic anthropology. The concept of the mode of production, which incorporates both the social relations of production and the forces of production, is a notable example. Conversely, economic anthropology largely ignores how economic decisions affect environmental processes and how the socially modified environment affects economic decisions (Green 1980). Further, many economic approaches view institutions as organizing production, distribution, and consumption, so that institutions take on a life of their own, resulting in a complete overlap between society and the economy (Halperin 1989; Ortner 1984).

Halperin points out that Binford articulates a “nearly perfect” elaboration of locational movement among hunter-gatherers using an ecological paradigm, and Wiessner illustrates how appropriational movements can be analyzed (Halperin 1989:32). Binford examines the forces of production, whereas Wiessner stresses the social relations of production (Halperin 1989:35). But all economies consist of locational and appropriational movements, and production and distribution each contain elements of both locational and appropriational movement. Defining the economy as an adaptive strategy for food procurement fails to distinguish between the physical movement of people and goods, on the one hand, and organizational changes and the transfer of rights, on the other. The adaptationist perspective sees appropriational movement as the outcome of the locational movement; the appropriational movements are assumed and not studied. This perspective also results in a materialist bias with almost no attention given to ideological factors. Halperin (1989:21–22) argues that this masks the Marxist implications inherent in ecological research by failing to acknowledge the appropriative, or exploitative, aspects of production.

Both locational and appropriational aspects of movement need to be studied while kept analytically distinct. This is particularly important for agricultural economies where land and labor must be mobilized for successful production. In the Southwest, ritual should be added to this primary list of resources, because so much ritual in historic Pueblo society is devoted to ensuring successful harvests.

Recent analyses of agricultural systems therefore see those systems as inextricably linked to social, political, economic, and environmental contexts (Brush and Turner 1987; Green 1980; Stone 1991a, 1996). Stone (1993) has documented that Tiv farmers choose to abandon fields as marginal yields decrease, but Kofyar farmers utilizing the same land (in some cases abandoned Tiv farms) choose to stay and intensify agricultural production. The differential sedentism and mobility of Kofyar and Tiv farmers can be understood only by considering a suite of cultural factors including a society’s agricultural practices, social organization, ideology, and residential mobility (Stone 1993:78–79). The choice to abandon a farm or intensify production can be influenced by ecology—some Kofyar farms are located on soils so poor that intensification is not an option—but in many cases it is a close call, and the balance is tipped by these cultural factors (Stone 1993). The environment sets parameters, enabling and restricting choices, but in the end it is people who make the decision to move or stay—and this decision is influenced by their social technology.

The Rarámuri (Tarahumara), a group of agropastoralists in northern Mexico, are justly hailed as a case in which agriculture does not always result in increasing household sedentism (Graham 1993, 1994; Hard and Merrill 1992; Pennington 1963). But understanding the factors conditioning their mobility is far more interesting than debating whether or not agriculturalists move. They provide an example of the complexity of the decision-making process with regard to mobility and abandonment, and of how social factors—and the interplay of structure and agency—are critical in understanding human mobility.

One element of Rarámuri mobility, their winter moves into cliff dwellings, is largely conditioned by the pastoral component of their economy and the need to shelter livestock from the cold winter weather (Graham 1994:16; Hard and Merrill 1992:607–609). It is their agricultural, residential mobility that is of interest when considering the Rarámuri as a possible analog for Southwestern agriculturalists. One key to understanding this agricultural mobility is the recognition that only half of Rarámuri households practice residential mobility during the growing season. Hard and Merrill (1992:605) conclude that the primary stimulus for this movement is a pattern of dispersed fields that results from a land tenure system based on bilateral inheritance and marriage restrictions (Graham 1994:20–21; Hard and Merrill 1992:606). Rarámuri who have consolidated land holdings do not move, and some Rarámuri actively seek to consolidate land to avoid moving. Households that have inherited dispersed fields move between fields for periods ranging from a few days to many weeks, even though the distances between many of these fields would enable them to be reached with a round-trip walk from the main residence.

There are many proximate reasons why a Rarámuri household makes a residential move and eventually abandons a house. These include insect infestation, danger from the dead, access to particular resources, distance from neighbors, and perhaps local resource depletion (Hard and Merrill 1992:607; Pennington 1963). But the location and timing of these moves are dictated by social organization and land tenure systems. The residential movement occurs in a social context and is a socially negotiated activity. Rarámuri residential mobility therefore has aspects of both locational movement and appropriational movement.

It is clear that some Rarámuri households exhibit a high degree of residential mobility, but their communities are relatively fixed. The longterm mobility of the Rarámuri bears little resemblance to the long-term mobility described by Binford for the Nunamiut, and the Rarámuri case illustrates how the debate over whether a society is mobile or sedentary is ultimately unproductive. Rarámuri individuals and households are highly mobile, but Rarámuri communities are relatively fixed. It is the historical development of these communities and their social organization (and the place of these households and communities in the larger political economy of the Mexican state) that provide the structure within which Rarámuri individuals and households negotiate their residential mobility.

The Rarámuri case is an excellent example of mobility as a process that includes changing place and changing hands. Environmental and ecological variables are important in understanding the population movement of the Rarámuri, but this movement is fundamentally a social process. Understanding Rarámuri mobility, and the mobility of any society, requires integrating the environmental, ecological, and social factors that condition population movement. Were the inhabitants of the Mesa Verde region extensifiers, intensifiers, or both? Did their social technology change over time? These are questions that must be answered in order to fully understand sedentism and mobility in the region.
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SEDENTISM AND MOBILITY IN THE MESA VERDE REGION

Three widely disparate views of sedentism and mobility exist for the Southwest and the Mesa Verde region. Existing models range from (1) settlement systems characterized by seasonal residential mobility to (2) those characterized by short-term sedentism and supra-annual residential mobility for both households and communities and (3) those characterized by the longterm sedentism of households and communities. I propose a fourth model in which there is a relatively high frequency of household residential movement within and among communities but lower-frequency movement of the communities themselves.

In what follows, I group existing models into three categories based on which causal variable they emphasize as the prime reason for mobility—environmental change, resource depletion, or social factors. It is likely, however, that each of these variables contributed to the residential movement of households and communities. Not all of these models can be correct, and the analyses presented in subsequent chapters attempt to determine which, if any, most accurately characterizes the frequency of population movement in the Mesa Verde region between A.D. 950 and 1300.

ENVIRONMENTAL CHANGE

The theory that links environmental change to mobility is relatively straightforward and similar to the theory that underlies hunter-gatherer mobility models: mobility is a response to spatial and temporal variation in the distribution of productive resources, which results from spatial and temporal variation in the environment. Groups can relocate from areas of lower productivity to empty areas of higher productivity. Alternatively, groups in low productivity areas can tap alliances and exchange relationships they have formed with groups living in areas of higher productivity and temporarily move into these areas.

In the Southwest, environmental change is often seen as a factor resulting in abandonment and hence mobility (Dean et al. 1985; Euler et al. 1979; Schlanger 1988; Schoenwetter and Dittert 1968). Research into the relationship between environmental change and population movement has focused on broad spatial and temporal scales, correlating migrations across regions with several dimensions of long-term environmental change (Berry 1982; Euler et al. 1979; Dean et al. 1985). Dean and others (1985) argue that mobility is the least costly solution to stress resulting from environmental change when groups have no heavy investment in residential and agricultural facilities and when mobility is not restricted by population density.

Environmental change includes climatic change—primarily fluctuations in precipitation and temperature—and nonclimatic change—primarily changes in hydrologic conditions. A brief review of paleoclimatic reconstructions for the Mesa Verde region shows how these climatic changes might have affected population movement. Next, a review of changing hydrologic conditions examines their effect on mobility.

Climatic Change

Petersen’s (1986, 1987a, 1987b, 1988) Dolores Archaeological Program work developed the concept of a “farm belt” in the Mesa Verde region; the farm belt is the area where rainfall and growing season together are adequate for cultivation. Petersen examined changing ratios of spruce to pine pollen from Beef Pasture in the La Plata Mountains to identify changes in winter versus summer precipitation. Declining spruce pollen relative to pinyon pollen was interpreted as indicating a decrease in winter precipitation, whereas increasing pinyon pollen indicated an increase in summer rains. Because the intensity of summer rains correlates with elevation, these data indicate periods when the farm belt expanded or contracted along an elevational gradient. During periods of low summer rains the farm belt would contract, so the higher elevations where rainfall was greatest would be the favored area for occupation.

Petersen also examined high-frequency climatic change by reconstructing periods of drought. He used tree-ring indices from the Dolores River valley for the period until A.D. 1136 and tree-ring indices from Mesa Verde National Park for the years 1136 to 1280. The periods of drought identified by these analyses are shaded in figure 3.1.1

Van West (1994) recently finished the most thorough modeling of climate change and agricultural productivity done for the Mesa Verde region by focusing on an 1,816-square-kilometer study area in the central part of the region. Drawing inspiration from Burns’s (1983) study of production shortfalls, she used GIS technology to integrate the following data sets: Palmer Drought Severity Index (PDSI) values based on tree-ring analyses; the distribution of different soil types; historic crop yields; and natural plant productivity for specific soil types. Using these data, she retrodicted annual bean and maize yields for each four-hectare cell within the study area for the period between A.D. 901 and 1970. Kohler and Van West (1996) used Van West’s data to identify periods of high and low agricultural productivity; the periods of low productivity are shaded in figure 3.1.

Population Movement and Climate Change

Schlanger (1988) synthesized a number of paleoclimatic reconstructions for the Mesa Verde region and developed expectations for how patterns of population movement might have responded to climatic change. She argued that stable and favorable conditions over the long term should result in maintenance or growth of population levels, whereas unfavorable conditions would stimulate population movement. In response to high-frequency climatic variation such as droughts, people would be expected to move from lower and drier areas to higher, wetter areas. People would be expected to move back into lower areas during periods of greater moisture to take advantage of the longer growing seasons at these lower elevations. Schlanger inferred population movement from survey data in three areas and found that population movement corresponded fairly well to expectations during the A.D. 720 to 880 period, but not during the 880 to 1250 period (Schlanger 1988:785).

    
    [image: ]

    Figure 3.1 Climatic stress in the Mesa Verde region, A.D. 900–1300. Periods of drought (top two bars) and low agricultural productivity (bottom bar) appear in black.


Schlanger and Wilshusen (1993) analyzed mobility between A.D. 600 and 910 in the Dolores River valley at an even finer scale. They used tree-ring data to identify four periods when beam procurement took place, and they interpreted the intervals between these periods as times of abandonment (Schlanger and Wilshusen 1993:88). Climatic change was interpreted as the cause of each abandonment because each was associated with a drought.

They carried their analysis of mobility further by modeling four abandonment strategies that varied the distance of the residential move and whether return to the abandoned sites was anticipated. Schlanger and Wilshusen used floor artifact assemblages and roof treatment at abandonment to determine which abandonment strategy characterized each of the four abandonments, concluding that the first three abandonments were short term and reoccupation of the locality was anticipated. The last abandonment, in late 800s, appeared to be a regional abandonment with no anticipated return (Schlanger and Wilshusen 1993:95).

It is important to recognize that drought might have caused the periodic migration of communities out of localities and regions, but drought did not cause the more frequent abandonment of all residential sites by households; many residences were abandoned during well-watered episodes (Schlanger and Wilshusen 1993:94). Thus, environmental change does not explain all household residential mobility in the Dolores River valley.

Turning to the A.D. 880 to 1300 period, Schlanger (1988) developed an argument for why population movement conformed so poorly to periods of drought. She argued that droughts after 920 favored population movement into the higher elevations, but short growing seasons made these higher elevations unsuitable for agriculture (Schlanger 1988:788). In effect, the area suitable for agriculture was environmentally confined to the lower elevations. This environmental circumscription stimulated changes in the technology of agricultural production to ensure successful farming in drier conditions (Schlanger 1988:789). These technological changes included the construction of water storage features and features for managing rainfall-runoff irrigation.

Schlanger (1988) chose survey areas that allowed her to examine population movement from lower to higher elevations, but they were not particularly well suited for examining conditions within the lower-elevation farm belt. Van West’s (1994) modeling of agricultural potential did address variation in the conditions in this portion of the farm belt. First, Van West estimated the carrying capacity of the study area as a whole. Next, she evaluated the relationship between population and carrying capacity in two intensively surveyed localities in the study area: the Sand Canyon locality and Mockingbird Mesa. Finally, she examined the catchments around eight individual sites located throughout the study area.

A number of general conclusions can be drawn from Van West’s study. First, she found that there was enough productive land in the study area as a whole to support a large population even during the driest times. Thus, drought and its effects on agricultural production did not present a sufficient cause for the complete depopulation of the Mesa Verde region (Van West and Lipe 1992:115).

Van West’s study also demonstrated that the distribution of the most productive land varied from year to year throughout the study area, but particular localities were consistently more productive than others. Agricultural productivity in the Sand Canyon locality, for example, would have supported approximately twice the long-term population density of the Mockingbird Mesa locality; however, the agricultural potential of Mockingbird Mesa was generally representative of average conditions in the entire study area (Van West and Lipe 1992:115). Van West’s analysis of individual site catchments, which included four small residential sites and four large community centers, suggested that farmers were aware that the productive potential of different places varied and that they selected those places with high potential (Van West 1994:185). She concluded that mobility, open access to productive resources, and extensive intercommunity food sharing would have been needed to buffer local shortfalls (Van West and Lipe 1992:118). Thus, environmental change and its effects on agricultural productivity might have stimulated population movement in many, but not all, parts of the Mesa Verde region.

Kohler and Van West (1996) examined the ways in which temporal and spatial variation in agricultural productivity affected the pooling and sharing of agricultural produce. Using microeconomic theory and utility functions to model behavior, they assumed that periods of high productivity favored pooling and sharing—behaviors they saw as being facilitated by the formation of strong regional systems and by aggregated settlement—and that households would avoid these behaviors during periods of low productivity. They further assumed that households avoided the obligation to pool and share resources through increased mobility and dispersed settlement patterns.

This study is important because it measures the relationship between climatic change and agricultural production and recognizes that both production shortfalls and surpluses could stimulate residential mobility. Using Van West’s reconstruction of agricultural productivity, they argue that their model is generally supported by the data. The buildup of the Chacoan system between A.D. 1050 and 1130 and the formation of aggregated villages in the 1200s occurred during periods of high productivity, and the formation of both Chacoan communities and aggregated villages is interpreted as indicating times when households pooled and shared their food with larger social groups. Periods of low productivity are likewise identified, including the 1130–1179 and 1272–1288 periods, and these are seen as times of defection when mobility and dispersed settlement were strategies that households employed to restrict the networks with which they shared food. Thus, it is important to recognize that the residential mobility that Kohler and Van West describe is not necessarily the abandonment of entire localities and regions by communities but the movement between dispersed and aggregated settlement patterns.

In the reconstruction of settlement patterns that follows, I take issue with some of Kohler and Van West’s conclusions. In particular, I argue that communities persist during periods when they predict defection. I also view aggregation more as a continuous process in which settlement became gradually more aggregated between A.D. 950 and 1300 than as an oscillation between dispersed and aggregated settlement. In this regard, Chacoan communities have a dispersed settlement pattern compared with that of the subsequent period. Thus, I see the maintenance of increasingly aggregated communities in much of the Mesa Verde region between 1130 and 1179, whereas Kohler and Van West (1996:183) see mobility, dispersal, and the breakup of communities. Finally, it is interesting to note that their assumptions are the opposite of what occurs in the Kayenta region, where aggregation occurs in bad times and dispersal during favorable periods. This calls into question the general assumption that links productivity, and the assumed sharing patterns that accompany fluctuating productivity, with specific settlement patterns.

A period of climatic unpredictability reported by Dean (1996) may have contributed to the eventual abandonment of the Mesa Verde region as an area of permanent residential settlement. Precipitation in the Mesa Verde region and elsewhere in the Four Corners area is typically characterized by a bimodal regime in which the majority of annual precipitation occurs in summer and winter. A sinuous transition zone that runs through Arizona and New Mexico separates this northern pattern from a southern pattern in which the majority of annual precipitation falls in the summer. Dean argues this has been the persistent pattern for most of the past millennium but that it was disrupted for 200 years between A.D. 1250 and 1450. During these centuries, the predictable bimodal precipitation pattern in the northwestern Southwest broke down into a chaotic absence of pattern. This breakdown may have contributed to the migration of people from the Mesa Verde region and other areas in the northern Southwest (Ahlstrom, Van West, and Dean 1995).

Nonclimatic Environmental Change

Changing hydrological conditions are the primary form of nonclimatic environmental change considered here. Force and Howell (1997) recently reported on the depositional history of McElmo Creek, which defines the southern boundary of the Sand Canyon locality. The Holocene stratigraphy there is exposed by historic-period arroyo cutting, and archaeological remains found throughout the stratigraphic sequence were used to date changes in the depositional regime. Force and Howell documented an aggrading hydrological system between A.D. 550 and 700, an erosional unconformity, or entrenchment, between 700 and 930, and a return to aggrading conditions and a braided main channel between 930 and 1300.2

The authors were able to examine the relationship between hydrological processes and ancient settlement in some detail. They show that both erosional and depositional events were diachronic processes and not abrupt, synchronic events. For the erosional cycle between 700 and 930, they estimate that stream entrenchment migrated upstream at a rate of about 20 meters per year, and they believe that settlement relocation moved upstream ahead of this entrenchment. They conclude that entrenchment might have resulted in local abandonments, but it was unlikely to have caused the rapid, sudden abandonment of the entire valley, much less entire regions.3 In a recent geoarchaeological study of the southern piedmont of Ute Mountain, Huckleberry and Billman (n.d.) similarly conclude that stream entrenchment did not result in abandonment.

Force and Howell conclude by commenting on Schlanger’s model of population movement, arguing that canyon systems in the low-elevation portion of the farm belt offered the best opportunity for people to pursue mixed agricultural strategies, combining dryland mesa-top agriculture with canyon-oriented floodwater farming. The high-elevation portion of the study area may have had a more favorable moisture regime, but it did not offer the same potential for a diversified and intensified agricultural system. They argue that it was not a constricted farm belt that circumscribed settlement into the low-elevation zone but, rather, opportunities for a diversified and intensified agricultural system that attracted people to the lower elevations.

Summary: Environmental Change and Mobility

The paleoenvironmental reconstruction for the Mesa Verde region is one of the most detailed reconstructions developed anywhere in the world. It indicates that the past climate was highly variable over space and through time. Using different methods, a number of reconstructions from the Mesa Verde region and elsewhere on the Colorado Plateau show a remarkable synchroneity in climatic and nonclimatic change (Dean et al. 1985; Euler et al. 1979; Force and Howell 1997; Petersen 1986:315; Schoenwetter 1966, 1967, 1970). Many researchers employ this environmental change as the primary causal variable in explanations of culture change, as if the environment set absolute limits on human occupation. Such deterministic interpretations are unwarranted. For example, in virtually every period sites can be found outside the farm belt as reconstructed by Petersen. Van West’s study, which indicates that portions of the region had some potential for agricultural production even in the worst of times, is additional evidence that climatic deterioration did not make agricultural production impossible.

Still, the patterns identified by these studies are important: they measure climatic variation in time and space, they quantify how climatic change affected agricultural production, and they show how production varied across the region through time. Farmers in this region, who cultivated crops without the benefit of canal irrigation from permanent streams, had to feel the effects of environmental change and concomitant changes in agricultural production. Population movement is generally viewed by Southwestern researchers as having been stimulated by climatic change that negatively affected agricultural production, but people could also move in response to knowledge of better opportunities elsewhere, even when production was adequate where they lived. In particular, climatic change that resulted in increased productivity, including the production of surpluses in some areas, could stimulate residential movement.

The environmental changes identified by these studies are, therefore, best interpreted as both enabling and constraining behavior. One of these behaviors was mobility. The periods of environmental stress identified in figure 3.1 might have stimulated population movement, especially in areas where agricultural production was most difficult. Analyses presented in the chapters that follow look for evidence of mobility during these periods.

RESOURCE DEPLETION

Many scholars see resource depletion as the primary cause of mobility in the American Southwest (e.g., Stiger 1979), but it has been addressed most explicitly by Kohler and Matthews (1988), Lekson (1996), and Nelson and Anyon (1996). As Lekson (1996:83–84) expressed it: “The firewood, game, soils, and other resources of one locale could be depleted; settlement would shift to the next valley and the process repeated; and after several generations of shifting sedentism, the cycle could begin again at ‘Go’—without going to jail, because ‘Go’ had regenerated its resources. The sustaining hinterland for each settlement would be small; for the whole adaptive cycle, the area required would be enormous.”

Lekson proposes a high degree of population movement as an adaptation to the entire Colorado Plateau. Whole communities were highly mobile, living in localities for only one or two decades until resources were depleted, at which time they moved to a new, unoccupied locality (Lekson 1993:8). A similar model, termed the “fallow-valley strategy,” has been proposed for agricultural mobility in southwestern New Mexico (Nelson and Anyon 1996). These authors argue that from A.D. 1150 to 1450, Mimbres communities lived in relatively large, aggregated sites surrounded by large areas of empty territory. These aggregated communities are believed to have moved at regular intervals (perhaps as short as 20 years) as the resources of a local valley became depleted. Using this fallow valley strategy, relatively few communities circulated through a large, open territory, sequentially using the near-pristine resources of a number of valleys located throughout southwestern New Mexico.4

Kohler and Matthews (1988) and Kohler (1992a, 1992b) have argued that depletion of resources, especially fuelwood, stimulated population movement in the Mesa Verde region. They draw on Binford’s (1983) model of long-term Nunamiut mobility to describe mobility patterns on a local and regional scale. They view residences as having moved around in relatively small areas of the landscape every one or two generations while maintaining affiliation with a specific community. Over a longer period, communities relocated to new areas as local resources became depleted. At the largest scale, resource depletion would have resulted in groups of communities abandoning regions over a period of two or three centuries.

This model is similar to the model I propose, in which households and communities move at different frequencies. The difference is that the Kohler and Matthews model assumes abundant open territory for community movement between A.D. 600 and 900, and it assumes that abandoned localities and regions were reoccupied only after depleted resources were restored. For the A.D. 950 to 1300 period, I argue that the landscape filled to the extent that abundant empty land was not available and that if localities were repeatedly occupied and abandoned, this occurred too frequently to allow for the regeneration of resources.

More research is needed on the rate at which specific resources were depleted and regenerated. As discussed in chapter 2, pinyon-juniper woodland takes almost 350 years to regenerate fully. Some proponents of resource depletion models have argued that it was important to burn the pinyon-juniper woodland to increase soil fertility and boost agricultural yields (Matson 1991) and that the depletion of fuelwood was a stimulus for mobility (Kohler and Matthews 1988; Kohler 1992a). The time it would have taken to deplete the timber resources of an area is unknown, but if areas were abandoned because of timber depletion they could have been reoccupied only after lengthy periods of abandonment.

Almost no information is available on the rate of soil nutrient depletion and how it affected agricultural productivity; however, Decker and Petersen (1987:141–142) examined what data were available and concluded that the Mesa Verde loess, which is the deepest and most productive soil, would not have become deficient in major nutrient elements under the type of cropping systems used by ancient farmers of the Mesa Verde region. The importance of soil depletion may be dependent in part on the quality of soils being farmed; soil depletion almost certainly affected people farming more marginal soils.

Without more empirical data on the rate at which resources were depleted, we can only assume that habitation in an area did deplete the resource base to some degree and that continuous occupation required greater energy inputs to obtain these resources.

Resource depletion models see Mesa Verde-region societies as having had a relatively extensive subsistence economy. These models propose that societies move, rather than intensify, as local resources are depleted. The theoretical underpinnings of these models are not too different from those of optimal foraging theory and evolutionary ecology. Groups are seen as monitoring the return on their labor; when the return falls below a certain level, groups move to a fresh patch where they can obtain a higher return. An implicit assumption made by these models is that there was abundant empty and unspoiled land into which communities could move. In addition, localities would have been reoccupied only after the regeneration of critical resources.

Following the model proposed by Kohler and Matthews (1988), resource depletion would have stimulated mobility at a number of social, spatial, and temporal scales. Households would have relocated relatively frequently over short distances within the locality. Communities would have relocated to new localities over longer time scales, and groups of communities would have moved between regions at even greater time intervals. Kohler and Matthews (1988:559) acknowledge intensification as an option but clearly believe that the early Puebloan societies they were considering favored mobility over intensification. To understand why groups move in response to resource depletion, or why they stay put and intensify production, mobility must be viewed as a social process.

SOCIAL FACTORS

Ecosystemic and adaptationist perspectives have not escaped criticism (Brumfiel 1992; Friedman 1974; McGuire 1992; Saitta 1983, 1990). Ironically, the detailed environmental reconstructions from the Southwest, coupled with fine-tuned chronologies, may themselves be the best evidence that mobility involved social processes and was not a simple response to environmental change or resource depletion. S. Plog (1986), for example, combined chronological and environmental data to argue that changing settlement patterns on Black Mesa were not merely responses to environmental change, as had been suggested previously (cf. Euler et al. 1979). Similarly, Kintigh (1985) questioned the interpretation that settlement shifts in the Zuni region were linked exclusively to climatic change. Van West (1994; Van West and Lipe 1992:115–118) found that climatically induced variation in soil moisture and its effects on agricultural production did not present a sufficient cause for the final migration from the Mesa Verde region. These studies highlight the need for models that include the social determinants of mobility (Lipe 1995).

Social Factors That Cause Mobility

There are two dimensions to consider when incorporating social factors into models of ancient mobility strategies. First, some social factors can directly cause or stimulate population movement. Second, regardless of the stimulus, all population movement takes place in a social context, and therefore social factors need to be considered in any model of sedentism and mobility. They cannot be explored simply as residuals when environmental change or resource depletion fails to explain population movement.

Among social factors that can directly cause or stimulate population movement, the generational domestic cycle (e.g., Goody 1958, 1972) may be related to household mobility. Construction of new residences may occur as households form at marriage. These households grow as children are added, and they decline as children leave to form their own households. Eventually residences are abandoned when the inhabitants become elderly and either die or move to be cared for in another household. The formation of new households should occur at relatively regular intervals equal to the length of a generation (approximately 20 years). To produce household mobility, the domestic cycle must result in the construction of the new residence at some distance from the founding settlement. Alternatively, the domestic cycle could reflect greater sedentism when new households are added to existing sites. Marriage and residence rules would provide the structure that influences decisions about residence, but individual agency would cause these rules to be followed only some of the time (Goodenough 1956).

A recent simulation suggests that there may be demographic limits on the length of time that small social groups can sustain the occupation of a residence, and this is another form of domestic cycling. Gaines and Gaines (1997) examined the population dynamics of a hypothetical three-household settlement by simulating the biological, cultural, and behavioral characteristics of the group and tracking what happened to individuals living in the settlement on a year-by-year basis over a period of 70 years. They found that the longevity of such a settlement was extremely sensitive to the survival schedule and the marriage and residence rules employed. Small shifts in the ages and genders of surviving members of the group dramatically affected both the population growth in and the collapse of the settlement. In the Gaineses’ simulation, only 47 percent of the runs survived for 70 years, and for 90 percent of the runs there was little or no growth over the last 40 years of the simulation.

Thus, there appear to be limits on the length of settlement occupation set by the demographic composition of small sites. Small residences that were occupied for two or perhaps three generations might eventually have been abandoned because they were no longer demographically viable. The mobility of small residential sites that were abandoned after having been occupied for 40 to 60 years might relate to this form of domestic cycling.

Social factors also affect the sedentism and mobility of communities. Kintigh (1985) documented community mobility in the Zuni region, arguing that this movement was the result of factionalism. There may have been social constraints on the sizes of households and communities that led to fissioning and recombination of social groups. Personal and factional disputes are therefore another social factor that could stimulate the residential mobility of individuals, households, and larger groups (Whiteley 1988).

Warfare and the need for defense were also social factors that stimulated mobility in the Southwest (Haas 1990; Haas and Creamer 1993, 1996; Kintigh 1985:109, LeBlanc 1978; Lightfoot and Kuckelman n.d.; Lipe 1995:156–158; Wilcox and Haas 1994). Warfare potentially resulted in (1) the movement of dispersed households and small communities into larger communities between A.D. 1150 and 1300, and (2) the movement of communities from mesa tops to more defensible canyon-oriented locations (Haas and Creamer 1996). This shift from mesa tops to canyon-oriented locations was accompanied by defensive architectural features at Mesa Verde-region sites (Fairchild-Parks and Dean 1993:5; Haas and Creamer 1996; Kenzle 1997; Lightfoot and Kuckelman n.d.; Nordenskiöld [1893] 1979:66; Wilcox and Haas 1994). Many canyon-oriented settlements were also at or near water sources, both natural springs and constructed reservoirs (Fetterman and Honeycutt 1987:127; Haase 1985:25; Neily 1983:122; Wilshusen, Churchill, and Potter 1997). The move to the canyon-oriented locations may have been an attempt to defend and control water (Haase 1985:25; Neily 1983:231–232), and proximity to a water source might have enhanced the defensibility of a settlement (Kintigh 1985:109).

Other social factors can promote mobility at a wide variety of social scales. Kelly (1992:48) notes that residential moves occur as people seek access to spouses or shamans or as they respond to death, sorcery, or political forces. For example, charismatic leaders could attract people into their communities, and particularly important communities could attract immigrants (Lightfoot 1984). Kent (1989; Kent and Vierich 1989) reports that 57 percent of the moves of Basarwa and Bakgalagadi groups in Africa are motivated by social or political factors (see also Kelly 1992:48). Finally, Kelly (1992:48) notes that residential mobility may itself be culturally valued. Naranjo (1995) argues that this is in fact the case in Puebloan society.

Mobility and the Social Context

These examples of social factors that serve as proximate causes of mobility also illustrate how the social context conditions all decisions concerning mobility and sedentism. Rohn (1965, 1977), who was one of the first to study Mesa Verde-region communities, discussed how social context affected mobility. He argued that the social context of the community provided stability; communities on Mesa Verde and in the Lowry area were established in the late seventh century and then grew steadily in size until they reached their peak population during the 1200s (Rohn 1977, 1984, 1992). Rohn saw limited evidence for mobility and interpreted many individual sites as having been continuously occupied for centuries, especially between A.D. 1100 and 1300. He saw people during this period as having been anchored to their sites and localities by water management systems (Rohn 1963, 1972, 1977). Rohn’s model therefore emphasized the long-term sedentism of both households and communities.

Adler and Varien (1994) and Varien and others (1996) share Rohn’s perspective on the stability of communities but argue that household movement and community movement occurred at different frequencies. Their research draws heavily on Adler’s (1990) cross-cultural study of land tenure systems, which shows that community political organization structures local access to social and natural resources. Adler’s is a density-dependent model in which increasing population density provides a context for intensification of the subsistence economy and the accompanying development of increasingly formalized land tenure systems.

Adler and Varien (1994) applied this perspective to communities in the Sand Canyon locality, where the spatial clustering of residential sites and public architecture were used to define the boundary between two communities, Sand Canyon and Goodman Point. Although individual structures and residential sites were abandoned frequently, public architecture and the largest residential site clusters maintained their same general locations within these two communities between A.D. 1000 and 1300. The spatial stability of the public architecture and major settlement clusters was interpreted as evidence that the Sand Canyon and Goodman Point communities remained intact during these three centuries (Adler 1992, 1994; Adler and Varien 1994).

In summary, the social determinants of mobility include residence decisions associated with the domestic cycle and establishment of new households. Mobility related to the domestic cycle in the Mesa Verde region would have occurred at the social scale of individuals, households, and perhaps small groups of households. Their residential movements would have occurred at regular intervals corresponding roughly to a generation. Personal and factional disputes, along with warfare, would also have resulted in the movement of social segments ranging in size from the subhousehold level to groups of several households. The temporal scale of population movement related to factional disputes and warfare would have been erratic and is difficult to predict. Finally, economic intensification and the development of more formal land tenure systems, part of what Stone (1993:78) terms the “social technology” of a group, would have promoted sedentism for both households and communities.

SUMMARY

Environmental change, resource depletion, and social factors affect the social, spatial, and temporal scales of population movement. With regard to the social scale of movement, all three variables can potentially affect both household and community mobility. Environmental change has the greatest potential for affecting larger social scales, stimulating the movement of an entire community or even groups of communities. Social factors tend to affect groups smaller than communities. Resource depletion would cause relatively small social groups to move over the short term but could potentially cause community movement over the long term.

In terms of the spatial scale, environmental change has the greatest potential for producing long-distance movement. With resource depletion, groups would move over shorter distances to the nearest available area with an adequate resource base, but again this could produce long-distance moves over the long term. Social factors would cause movement at a variety of spatial scales, and movement would likely be keyed to existing social ties. In most cases, movement caused by social factors would be over shorter distances because people have more social connections in the area close to where they live. But people also tap long-distance relationships to set up migration streams.

The temporal scale of movement caused by environmental change would be linked to identified periods of such change. Different social factors would affect the temporal scale of movement in a variety of ways. Residential mobility linked to the domestic cycle would be regular, and moves would occur at intervals of approximately one human generation. Movement related to factional disputes, warfare, or the other social factors noted previously would be sporadic and variable. There may have been a limit to the length of time small residential sites remained occupied, with abandonment after 40 to 60 years because they were no longer demographically viable.

Resource depletion would affect the temporal scale of movement in a variety of ways, depending on population density and the productive potential of local areas. With low population density and abundant open land, the slightest resource depletion might trigger population movement. But higher population density and competition for resources would provide a context promoting intensification and sedentism rather than abandonment and mobility. The productive potential of local areas plays a role as well—people living in relatively productive areas are more likely to stay put and intensify, whereas those living in more marginal areas may have no choice but to abandon their homes and move.

In the rest of this book, using archaeological data, I examine how these interrelated factors conspired to affect the movement of small-scale agriculturalists in the Mesa Verde region. In order to conduct the analysis, these factors had to be kept conceptually distinct, but in practice they probably were highly correlated. Further, decisions to move or stay put are historically situated, so responses to a specific factor—for example, environmental change—presumably varied at different times. The archaeological record for the Mesa Verde region is exceptional, and it provides an excellent case study with which to begin to unravel the complex relationships between these variables and their effects on residential mobility.
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MEASURING HOUSEHOLD RESIDENTIAL MOBILITY

Understanding residential mobility in any ancient society requires a method for measuring the length of site occupation and the frequency of residential movement. Establishing the frequency of such movement is essential for understanding how residential mobility operates within a specific group and for studying it comparatively. In the method developed here, I use the accumulation of cooking-pot sherds to estimate the occupation spans of 13 residential sites in the Sand Canyon locality. I calculate annual accumulation rates from strong archaeological cases, relying for the most part on the Duckfoot site. The Duckfoot cooking-pot sherd accumulation rate is found to be quite similar to pottery accumulation rates developed elsewhere in the Mesa Verde region, supporting the use of cooking-pot sherd accumulations for estimating the length of site occupation.

Accumulations studies seek to determine why, how, and at what rates artifacts accumulate in the archaeological record (Varien and Mills 1997). Accumulations research began in the early 1900s and continues to the present. Interest in it has been sustained because it examines the relationships among variables fundamental to the archaeological record: population size, time, and the use and discard of artifacts on sites.

Nels Nelson (1909) presented one of the earliest applications of this type of research when he tried to determine how long California shell mounds had been used. The premise behind Nelson’s work was straightforward and similar to the assumption that underlies subsequent accumulations research: there is a direct relationship between the size of the site population, the length of time that material was discarded, and the amount of material discarded.

Nelson used the volume of a shell mound to estimate the total amount of accumulated shell (S), the number of house pits to estimate the number of households (H), and what he believed was a reasonable estimate of the daily deposition rate of mussel shells per household (R). To calculate the length of site occupation (T), Nelson multiplied his estimate of the number of mussel shells discarded per household per day by the total number of households and then divided this into the estimated total accumulation of shells (T = S + [R × H]).

Elsewhere I have reviewed the history of accumulations research and documented the methodological improvements that followed Nelson’s pioneering approach (Varien 1997; Varien and Mills 1997). That review places the research on cooking pot accumulations in its larger context, emphasizing the substantial body of middle-range research upon which this study is based. The work of Sherburne Cook stands out, for it demonstrated the importance of understanding formation processes and provided some of the first sophisticated discussions of sampling in the archaeological literature.1

The trajectory of accumulations research was changed by archaeologists who questioned the basis for archaeological inference (see Ascher 1961; Binford 1962) and who began to examine living communities in an attempt to understand the formation of the archaeological record (see Ascher 1968).2 Experimental archaeology and ethnoarchaeology have contributed to the middle-range theory of artifact accumulation and site formation.3 While most research in the 1960s and 1970s focused on building this middle-range theory, the research of Cook (1972a, 1972b), McMichael (1960), Schiffer (1976), and Kohler (1978) continued to pursue accumulations research similar to that developed by Nelson.

Research during the 1980s and 1990s used computer simulations to examine how artifact frequencies were affected by the relationship between artifact use-life and site occupation span,4 one dimension of which has become known as the “Clarke Effect” (Clarke 1972; Schiffer 1975, 1987:54–55). These studies demonstrated that variation in artifact use-life and accumulation rates could (1) produce variation in assemblage composition that might be interpreted erroneously as the result of different activities, (2) affect seriations, and (3) cause frequencies in the archaeological record to differ from systemic frequencies, that is, the actual number of artifacts in use at a given moment in a living household. Recently, simulations and mathematical models have returned to the original focus of accumulations studies: conducting empirical studies that attempt to answer specific questions about what happened in the past (Kohler 1978).5

The interplay of method and theory described by Clarke (1972:239) has come full circle. Methodological research in the first half of the twentieth century triggered the theoretical statements of the 1960s and 1970s, which in turn initiated a series of empirical studies that included ethnoarchaeological, archaeological, and experimental research along with computer simulations. Together these studies comprise a growing corpus of middle-range theory devoted to understanding how artifacts accumulate in the archaeological record. With the more secure footing provided by this middle-range theory, archaeologists have begun to use accumulations research to address questions of more general anthropological interest.

POTTERY ACCUMULATIONS AND OCCUPATION SPAN

Inspired by Krieger’s (Newell and Krieger 1949) painstaking refitting study, Baumhoff and Heizer (1959) conducted one of the earliest studies of pottery accumulations. They recognized that “pottery analysis here becomes more than a mere chronological device. For example, in a one-period site where the number of houses was known and where the number of pots could be calculated, one could easily determine the amount of pottery used per household. Additionally, if the length of time of occupation were known, the number of pots used per capita per year could be computed” (1959:308). They further demonstrated how weight could be used to estimate the number of discarded vessels (1959:312). In the analyses that follow, I use the total weights of sherd assemblages rather than vessel counts.

Foster (1960) followed with one of the first ethnoarchaeological studies of pottery use in four villages near Tzintzuntzan, Michoacan, Mexico. He presented data on vessel use-life and the size of household inventories and discussed factors affecting the breakage and replacement of pottery vessels, including basic strength, the type of use, breakage due to factors other than use, and pottery costs. Ethnoarchaeological studies on the production, use, exchange, and discard of pottery became increasingly common after Foster’s study and continue to the present.6

A particularly important study contributing to middle-range theory about how pottery assemblages are formed is David’s work on Fulani pottery (David 1972; David and Hennig 1972). He examined the factors that affect vessel breakage and concluded that frequency of use is a critical variable. David also documented that different vessel types have different use-lives. He then explored the effect that variation in vessel use-life has on the formation of pottery assemblages, arguing that the cumulative frequency of each vessel type in the discard assemblage does not accurately reflect the number of each type of pot in use at any one moment (see Mills 1989a, 1989b for a reassessment of the issues raised by David). DeBoer (1985) and Shott (1996) examined the physical properties of pottery that correlate with its use-life and concluded that vessel weight and size are key determinants of vessel use-life.

Ethnoarchaeological data have also been used to estimate the use-lives of pottery vessels and the size of the systemic number (the number of vessels in use at a specific point in time) in an assemblage. These variables have then been used in combination with archaeological data to address behavioral questions. For example, Pauketat (1989) used ethnoarchaeological and archaeological data to measure the occupation spans of Mississippian farmsteads. The use-lives of pottery vessels were derived from a cross-cultural sample. Assemblage data from a well-preserved site were used to estimate the household systemic number. Finally, an intensively excavated site was used to estimate the total accumulation of pottery. With these variables Pauketat calculated site occupation span and then based inferences about the political integration of Mississippian communities on his new understanding of how long sites were occupied. The analysis of cooking pot discard presented in this chapter builds on Pauketat’s work, but I use different methods that I believe produce more accurate accumulation rates and better estimates of site occupation span.

COOKING POTS AS DATA FOR ACCUMULATIONS RESEARCH

I view the accumulation rate of cooking-pot sherds as a general constant related to population and the length of site occupation. I use cooking-pot sherds to estimate the duration of site occupation for a number of reasons: their ubiquity among archaeologically studied groups; their relatively short use-lives, which result in the deposition of large numbers of sherds (and thus lower error in estimates); and their general survival in the archaeological record. In addition, experimental, archaeological, and ethnoarchaeological studies have clarified the relationship among the production, use, and discard of this vessel class.

Experimental Studies

David (1972) provided a key insight when he recognized that use frequency was a major determinant of vessel use-life, a point reinforced by subsequent research (Blinman 1988a:194, 1993; Nelson 1991; Pierce 1998; Tani 1994). Cooking pots are subject to both mechanical and thermal stress, but thermal stress is a more important factor in determining cooking pot use-life (Pierce 1998). Thermal stress in cooking pots is caused by repeated heating and cooling, which produces thermal fatigue that ultimately results in breakage (Rice 1987:105, 226–231, 363–368).

A large body of experimental research examines how thermal stress affects pottery (Bronitsky 1986; Bronitsky and Hamer 1986; Pierce 1998; Rye 1976; Schiffer et al. 1994; Steponaitis 1983, 1984; West 1992). These studies make two points relevant to the use of cooking pots in accumulations research. First, repeated use depletes cooking pots of their strength, ultimately resulting in breakage and discard. Second, ancient potters designed cooking pots that were resistant to thermal stress at the expense of resistance to mechanical stress. This last point indicates that failure due to depletion of vessel strength through use is a more important determinant of cooking pot use-life than are stochastic processes (e.g., accidentally dropping a pot). It follows that cooking pots should accumulate in the archaeological record at relatively regular rates, so long as food preparation techniques, raw materials, and techniques of ceramic manufacture remain relatively constant.

Thermal stress, or cracking, occurs when pottery is heated and cooled during cooking. Thermal stress produces micro-cracking that gradually depletes the strength of the vessel (thermal fatigue), and it potentially produces macro-cracking that can result in catastrophic failure of the vessel. Thermal stress is produced in two ways: by an extreme temperature gradient that exists between the heated and unheated surfaces of the vessel,7 and by the differential thermal expansion coefficients of clays and aplastic inclusions (Bronitsky 1986:250; Schiffer et al. 1994; Skibo 1992).

Studies of thermal stress on low-fired pottery agree on several points. First, crack initiation and micro-cracking due to thermal stress are inevitable. Second, thermal stress resistance in pottery can be increased by minimizing the extent of crack propagation (Bronitsky 1986:253; Rice 1987:368; Rye 1976, 1981:27; Steponaitis 1983:36–45; West 1992:10–17). Finally, vessel properties that reduce crack propagation and promote thermal stress resistance include rounded forms, thin vessel walls, high elasticity, moderate strength, and irregularities produced by pores and temper (Pierce 1998; Rice 1987:368; West 1992:13).8

Experiments also indicate that surface texturing (Schiffer et al. 1994) and corrugated exteriors (Pierce 1998) promote thermal stress resistance. Cooking pot design may also address issues related to cooking control (e.g., boiling over), ease of handling, and manufacturing costs (Pierce 1998). Together these experiments identify a number of design trade-offs involved in the manufacture of cooking pottery; conflicting design choices mean that an optimal design for cooking pottery is unlikely (Pierce 1998).

Archaeological Studies

Steponaitis (1983:36–45) conducted strength tests on pottery from Moundville in Alabama. He found that fine-tempered vessels had the highest initial strength and would have been the most effective pots for resisting mechanical stress, or cracking due to impact. This fine-tempered pottery, however, lost a large proportion of its strength when subjected to thermal shock. The forms of these fine-tempered vessels suggested that they were used for serving and storage, and resistance to mechanical stress would have given them longer use-lives. Coarse-tempered pottery, on the other hand, had less initial strength but retained more strength after severe thermal shock than did the initially stronger, fine-tempered pottery. Coarse-tempered pottery was therefore interpreted as the most resilient and longest lasting choice for cooking pots (Steponaitis 1983:45).

Studies from other regions also show that potters manipulated the paste of cooking vessels to promote thermal stress resistance (e.g., Braun 1983, 1987). In the late 1800s Frank Cushing (1979:246) described how Zuni potters used a particular clay and temper in the manufacture of cooking vessels so that the pots would be “tougher and better able to withstand the effects of fire.”

There is ample evidence that Mesa Verde-region potters produced cooking pots designed to be thermally stress resistant. Mesa Verde gray wares and white wares correspond to broad functional categories, with gray wares used primarily as cooking vessels and to a lesser degree for storage, and white wares used for serving and storage. The production technology of these two wares diverged soon after the inception of pottery in the Mesa Verde region (Blinman 1986b, 1993). By the A.D. 800s, most gray wares were made with coarse, angular rock and sand temper, and this was coupled with low firing temperatures to promote resistance to thermal stress. White wares contained fine temper, with sherd temper becoming dominant by 1000, and they were fired at higher temperatures. The latter is indicated by increased sintering, which is detected in sherds dating as early as the eighth century (Blinman 1988b:458, 1993:18). After 1100, the strength of white wares and their resistance to mechanical stress was increased by the use of even higher firing temperatures—a change that correlated with the widespread adoption of trench kilns—and by increasing vessel wall thickness (Blinman 1993:18).

The differences in the manufacture and use of gray wares and white wares are evident in the proportions of counts and weights of sherds from the 13 sites excavated as a part of the Sand Canyon Testing Program. The abundance of gray wares relative to white wares at these sites is consistently higher when using counts and lower when using weights, a pattern that derives from the consistent difference in the average size of gray and white ware sherds (Pierce et al. 1998). Gray wares consistently break into more and smaller sherds because their manufacture compromises their mechanical strength in order to promote resistance to thermal shock, and because their repeated exposure to thermal stress makes the vessels weaker until they eventually break. In other words, a gray ware pot breaks into smaller sherds because the walls of the vessels are relatively weak. White ware sherds, on the other hand, are larger on average because their manufacture promotes mechanical strength, and this strength is not depleted through use.

Ethnoarchaeological Studies

Mills (Varien and Mills 1997) has recently summarized ethnoarchaeological research on cooking pots. Her cross-cultural research attempts to determine (1) whether cooking pots accumulate faster than other pottery types; (2) whether cooking pots have low standard deviations for vessel use-life; (3) whether there are cross-cultural regularities in cooking pot use-lives; and (4) whether there are cross-cultural regularities in the number of cooking pots used by households. She concludes that there are strong patterns in cooking pot use-lives and that cooking pots are an appropriate vessel class for accumulations research.

Ethnoarchaeological studies are particularly helpful in examining cross-cultural variation in two variables critical for measuring cooking pot accumulations: vessel use-life and the size of the systemic number. With regard to vessel use-life, Mills finds that cooking pots have one of the shortest use-lives of any vessel category, with a median of 1.7 years (Varien and Mills 1997). The distribution of vessel use-lives is skewed by a few vessels with use-lives greater than five years; these vessels are used for special, often ceremonial, occasions. When these cases are removed, 85 percent (n = 48 cases) of all central tendencies for cooking pot use-life are less than four years (Varien and Mills 1997).

With regard to the size of the household systemic inventory, cooking pots exhibit the widest range of values of any pottery vessel category. A number of factors account for this variation, including household wealth, vessel stockpiling, whether or not a potter is present in the household, variation in cooking techniques, and the differing ages of villages (Nelson 1991:168–169; Tani 1994:56–57). This variation makes it difficult to estimate the number of cooking pots in a household inventory using cross-cultural data.

THE DISCARD EQUATION, ACCUMULATION RATES, AND OCCUPATION SPAN

Total accumulation needs to be distinguished from total discard. Total accumulation refers to the total amount of material still present in the archaeological record, whereas total discard refers to everything discarded in the past, whether or not it survives in the archaeological record. Total discard is altered by a range of processes, including cultural processes such as recycling and natural processes such as erosion and decay.

Accumulations modeling is based on a discard equation. This equation was implicit in early-twentieth-century accumulations research, but more recently it has been stated as a formula (David 1972:142; de Barros 1982:310; Schiffer 1975:840, 1976:59; 1987:53). Mills (1989a, 1989b) compared several of the published discard equations and concluded that Schiffer’s (1987:53–54) was the most parsimonious. It is commonly cited as follows:
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where TD = total discard, S = the systemic number, t = the length of time over which the discard takes place, and L = the use-life of the item.

Archaeologists who use the discard equation to estimate occupation span typically use ethnoarchaeological data to obtain values for the systemic number and artifact use-life (Kohler 1978; Pauketat 1989). Both variables are characterized by variability within and among societies, and variation is especially great when one compares vessels with different functions (Varien and Mills 1997). For this reason, accumulation studies should isolate functionally specific classes of vessels rather than model the accumulation of entire pottery assemblages. Cooking pots are the ideal vessel category for initiating a new generation of accumulations research.

Even with cooking pots, problems remain when the discard equation is used in conjunction with ethnographic values. The most fundamental problem is that the accuracy of the discard equation is entirely dependent on the accuracy of the ethnographic estimates. Although values for cooking pot use-life exhibit a fairly narrow distribution, the size of the systemic number varies considerably. Nelson (1991) notes that despite the high degree of cross-cultural variation, variation within cultural or geographic boundaries is more constrained. Two conclusions can be drawn from this observation. First, it is difficult to choose an ethnographic case study that accurately duplicates an ancient case. Second, accumulation rates drawn from a strong archaeological case should be reasonably representative of the ancient society of which they are a part.

Yet another problem is the dynamic relationship between the size of the systemic number and an individual vessel’s use-life. This relationship hinges on the assumption that use-life is largely determined by type of use, duration of use, and use frequency, which is similar to what has been termed the “use number” (Hildebrand 1978:274; Schiffer 1987:51). Clearly there are other factors that condition vessel use-life (see Shott 1996 for a recent review), but frequency of use is believed to be the most important factor—especially with regard to cooking pots (Varien and Potter 1997). Thus, the size of the systemic number influences vessel use-life such that the smaller the systemic number, the greater the frequency of use, which produces a shorter vessel use-life.

The relationship between vessel use-life and the size of the systemic number is illustrated by the case of Mayan households in San Mateo Ixtatan, Guatemala (Nelson 1991). San Mateo household pottery assemblages include large numbers of cooking pots that have especially short use-lives. San Mateo households stockpile vessels to ensure that pottery will always be available because of these short use-lives and because some vessels are difficult to replace (Nelson 1991:177–178; see also Tani 1994). Thus, San Mateo households have many vessels in their household assemblages that are not in use at a given time. Grossly inaccurate estimates of total discard are produced by using the discard equation in conjunction with the known values for the size of the systemic number and the vessel use-life of San Mateo pottery.9

The San Mateo case may be an extreme example, but it serves as a valuable warning to archaeologists: the systemic number reported by ethnoarchaeologists may not be the number of pots actually in use. The discard equation is accurate only so long as the systemic number refers to the number of vessels actually in use, but ethnographic estimates of the systemic number (and for that matter, estimates from well-preserved archaeological assemblages) often include stockpiled vessels.

Varien and Potter (1997) used a simulation to examine the relationship between the size of the systemic number and artifact use-life and to evaluate the accuracy with which the discard equation alone quantifies accumulations. Using data from the Duckfoot site, we simulated breakage and discard by programming an exponential function that increased the probability of vessel breakage with each use. We found that the number of accumulated cooking-pot sherds predicted by the simulation most closely tracked the number predicted by the discard equation when it was assumed that site occupation began with new pots and that only a single pot from among the household inventory was used at any one time, until it broke. When a site occupation began with used instead of new vessels, the discard equation underestimated the amount of accumulated cooking pottery during the initial years of occupation. When pot use was rotated among all vessels in the systemic number (as opposed to using only a single pot until it broke) breakage was delayed, and the discard equation overestimated the amount of accumulated cooking pottery during the initial years of occupation. If site occupation began with used pots, and use of the pots was rotated among all vessels in the use assemblage, these two factors canceled each other out, and results of the simulation and the discard equation were similar.

Variation in the size of the systemic number also created a discrepancy between the results of the simulation and the prediction of the discard equation. This discrepancy, however, was present only for the initial years of site occupation; after approximately five years, varying the size of the systemic number became irrelevant so long as there were enough pots in the inventory to make it through an annual cycle. In all versions of the simulation, differences between the simulation’s predicted accumulation and that predicted by the discard equation was greatest for small (one-household) sites of short duration (less than 50 years). Increasing the number of households and/or the occupation span minimized the discrepancies between the results of the simulation and those of the discard equation (Varien and Potter 1997).

SUMMARY OF ACCUMULATIONS METHODS

The experimental, archaeological, and ethnoarchaeological information on cooking pots indicates that as a class, cooking pots are ideal artifacts for accumulation studies aimed at estimating site occupation span. However, the great variation in the size of the household systemic inventory indicates that using the discard equation and ethnographic data to model accumulation rates is a problem. The simulation just discussed (Varien and Potter 1997) illustrates that there is an inverse relationship between the number of vessels in use and vessel use-life. But these variables eventually cancel each other out, because the overall number of use events leading to failure for an individual pot is similar for all pots in the assemblage, regardless of the size of the systemic number. Thus, individual cooking pots in smaller assemblages have shorter use-lives than cooking pots in larger assemblages, but more pots are wearing out simultaneously in the larger assemblages. This means that after the initial years of site occupation the relationship between the size of the systemic number and cooking pot use-life ceases to be a factor in modeling accumulation rates. Developing annual accumulation rates at sites with sufficiently long occupation spans thereby avoids many of the problems that plague the use of the discard equation. Strong archaeological cases (sensu Montgomery and Reid 1990) are needed to estimate these accumulation rates. Well-controlled excavations at the Duckfoot site provide data with which to develop the accumulation rate of cooking-pot sherds in the Mesa Verde region.

THE DUCKFOOT SITE: ESTABLISHING ACCUMULATION RATES

The Duckfoot site is a Mesa Verde-region residential site occupied between A.D. 850 and 880 and located approximately 5.5 kilometers (3.4 miles) west of Cortez, Colorado (fig. 4.1). Duckfoot is an exceptionally strong case study because of the completeness of the excavation sample and the chronological precision provided by a wealth of tree-ring dates. There is a detailed site report (Lightfoot and Etzkorn 1993), as well as several detailed analyses of architectural patterns, artifact assemblages, and social organization at the site (Lightfoot 1992a, 1992b, 1993, 1994; Varien and Lightfoot 1989).
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    Figure 4.1 The Duckfoot site and sites excavated by the Dolores Archaeological Program


Investigations at the site included the complete excavation of a 19-room pueblo and four associated pit structures—all of the architectural features at the site. In addition, extramural areas, the midden, and much of the site periphery were excavated. Most of the structures burned at abandonment, and 375 tree-ring dates were recovered from a variety of contexts, including 13 rooms, four pit structures, courtyard features, and midden deposits. Fifty-two percent (194) of these dates are cutting dates (Lightfoot 1994:26).10 Lightfoot (1994:18–36) has provided a detailed interpretation of architectural data to reconstruct the sequence of room and pit structure construction. Tree-ring data are used to date these construction events and the site abandonment. He argues that initial construction occurred in the late A.D. 850s and that abandonment took place between 876 and 880 (Lightfoot 1994:34–36). Based on these interpretations, Duckfoot was occupied for 20 to 25 years.11

Lightfoot (1992a, 1994) analyzed architectural patterns to group pit structures and rooms into architectural suites. Floor artifact assemblages and floor features were analyzed to reconstruct activity areas and interpret the ways in which structures were used (Lightfoot 1994; Varien and Lightfoot 1989). Finally, artifact refitting was conducted to examine the interconnectivity of structures (Lightfoot 1994). Based on these analyses, Lightfoot concluded that the site was occupied contemporaneously by three households, probably equivalent to extended family groups, for the full duration of site occupation. Remodeling included the addition of a small, shallow pit structure in A.D. 873, late in the occupation of the site (Lightfoot 1994:32). This fourth pit structure was not associated with the addition of any new surface rooms, and it is interpreted as part of a larger remodeling of the pueblo by the three households that lived there and not as the addition of a fourth household.12

That the site was almost completely excavated permits reasonably accurate estimates of the total artifact accumulation. Together, the known occupation span, the contemporaneity of households, and the nearly complete excavation and screening make Duckfoot an excellent case study for examining the rate at which discarded cooking pots accumulated. These rates can be calculated as the average weight in grams of cooking-pot sherds discarded per household per year.13

Lightfoot (1994:78) reported the total weight of gray ware sherds as 581,647 grams (97,622 sherds). He added 10 percent to this figure to account for sherds missing as “a result of postabandonment processes and our failure to recover every last sherd from the site” (1994:78), producing a total of 639,812 grams. To estimate the number of cooking pots present in the gray ware pottery assemblage, Lightfoot conducted a rim-arc study of gray ware sherds from the midden (1994:74–78).14 The rim-arc analysis produced three important results: (1) the frequency of large, medium, and small gray ware cooking jars was determined; (2) small cooking jars were separated from a differently shaped storage jar, the olla, which had orifices similar in size to those of small cooking jars; and (3) the frequencies of other gray ware forms were documented (Lightfoot 1994:74–79).

Lightfoot checked the accuracy of his rim-arc study by comparing the expected weight for the estimated number of gray ware vessels based on the rim-arc analysis with the actual weight of gray ware sherds from the midden excavation units.15 The difference in weight between these two values was less than the weight of one average medium-sized gray ware jar—that is, Lightfoot found a difference of less than 1 percent between estimated discard and actual discard as measured by gray ware sherd weight (Lightfoot 1994:78). Given the accuracy of the rim-arc analysis, Lightfoot used its results along with his estimate of the total quantity of gray ware sherds at Duckfoot to estimate the number of vessels in the gray ware assemblage from the entire site (table 4.1).

Duckfoot data indicate how vessel size affects sherd assemblages, an issue addressed by several authors who have debated whether sherds or vessels are the appropriate measure for quantifying pottery (Egloff 1973; Orton 1993). Feathers (1990) argues that the relationship between vessel size and the quantity of pottery in a sherd assemblage is a problem only if vessels make up the unit of comparison, and not when sherd assemblages are compared with each other. Pierce demonstrates that the relationship between sherd abundance and vessel count and size is not a bias but a potential source of meaningful variation among assemblages (Pierce et al. 1998). Sherd assemblages are used in the analyses that follow, but sherd weights are translated into vessel counts in order to compare the Duckfoot data with the larger cross-cultural sample.

Lightfoot’s estimates indicate that by weight, cooking-pot sherds comprise 62.4 percent of the Duckfoot gray ware sherd assemblage. Given his estimate of 639,812 grams for the total gray ware sherd assemblage, the total accumulation of cooking-pot sherds at the site is then 399,243 grams. Turning this estimate into an annual rate per household is a simple matter of dividing by the momentary number of households, three, and the 20-to 25-year length of site occupation.16 The result is that for 20 years of site occupation, the cooking-pot sherd accumulation rate is 6,654 grams per household per year, and for 25 years of occupation, the rate is 5,323 grams per household per year.

    
    Table 4.1 The Duckfoot Site Gray Ware Pottery Sherd Assemblage
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    aThis estimate of total discard differs from Lightfoot’s reported actual discard (639,812) because, for ease of calculation, Lightfoot estimated that vessels from the midden represented 50 percent of those from the total site, whereas the midden vessels actually make up 55 percent of the total sherd assemblage (Lightfoot 1994:78—79).


Approximate use-life estimates for Duckfoot cooking pots can be generated using data provided by Lightfoot (1994:79) on the composition of Duckfoot cooking pot assemblages. Duckfoot cooking pots included small, medium, and large vessels. The use-life estimate for small vessels ranges between 0.4 and 0.6 years, for medium pots, between 0.5 and 0.6 years, and for large cooking pots, between 1.2 and 1.5 years.17 Thus, each year, each Duckfoot household broke approximately two small and two medium-sized cooking pots, and each broke a large cooking pot approximately every 1.5 years.

The use-life estimate for the large cooking pots at Duckfoot is close to the cross-cultural median for cooking vessels as reported earlier in this chapter (Varien and Mills 1997). The use-life estimates for small and medium vessels are within the range of the cross-cultural variation but on the low end of it; they are most similar to the use-life values reported by Deal (1983) and Nelson (1981) for the Maya area. That Duckfoot vessels are on the low end of the cross-cultural distribution may be related to the fact that most of the ethnographically known societies have incorporated at least a few metal or plastic pots into their vessel assemblages, which serves to extend the use-life of their pottery vessels.

COMPARING THE DUCKFOOT RATE WITH OTHER ESTIMATES OF POTTERY ACCUMULATION

A number of studies have quantified pottery accumulation. Cook (1972b) developed annual rates of pottery accumulation to estimate population at four sites, but his methods were too coarse-grained to enable direct comparison with the Duckfoot rates. More applicable are the pottery accumulation rates developed by Kohler and Blinman (1987) and by Nelson, Kohler, and Kintigh (1994) for sites in the Dolores River valley, located approximately 20 kilometers west-northwest of the Duckfoot site (fig. 4.1). Kohler and Blinman (1987) estimated annual accumulation rates for the total pottery assemblage at Grass Mesa Village, arguing that rates were variable between A.D. 730 and 910. Between 850 and 880, the annual accumulation was estimated at 1,425 sherds per pit structure.18 Kohler and Blinman (1987:8) estimated an average sherd weight of 6.5 grams, producing an annual accumulation of 9,265 grams per pit structure. In Duckfoot pottery assemblages, cooking-pot sherds comprised 57.5 percent of the total pottery sherd assemblage (including gray, white, and red ware). Reducing Kohler and Blinman’s accumulation rate for the total sherd assemblage by this amount produces an annual accumulation rate for cooking-pot sherds of 5,327 grams, a rate similar to that calculated for the Duckfoot site.

Nelson, Kohler, and Kintigh (1994:132) developed accumulation rates for the total pottery sherd assemblages at nine Dolores sites, producing a slight revision of the Kohler and Blinman figures.19 They reported an estimate of 750 (± 255) sherds per household per year and an average sherd weight of 5.35 grams, producing an annual rate of 4,013 grams (± 1,364 grams) per household (Nelson, Kohler, and Kintigh 1994:132–134). They also calculated an annual household accumulation rate of all pottery sherds of 3,000 grams using the discard equation and ethnographically derived values for systemic inventory and vessel use-life. Combining these two approaches, they concluded that an annual rate of between 500 and 1,000 pottery sherds (2,675 and 5,350 grams) per household was reasonable. Dolores researchers argue that there were 2.6 households per pit structure during the A.D. 850 to 880 period, so these rates translate into 6,955 to 13,910 grams per pit structure per year. To convert this total sherd accumulation rate to a rate for cooking-pot sherds, this estimate is again reduced to 57.5 percent—the percentage of the total Duckfoot sherd assemblage that were cooking-pot sherds—producing an annual household accumulation rate of cooking-pot sherds of between 3,900 and 7,998 grams per year. This relatively large range encompasses the Duckfoot rate presented earlier.

Calculating an annual accumulation rate using the median cross-cultural values for cooking pot use-life (1.7 years; n = 48 cases) and the size of the systemic number (1.6 vessels; n = 39 cases) reported by Mills (Varien and Mills 1997) illustrates the problems of using the discard equation and ethnographic values. Using these values in the discard equation produces an estimate of 0.94 vessels discarded per year. If all the vessels were large Duckfoot cooking pots, then the accumulation rate would be 2,551 grams per year; if all were medium-sized vessels, the rate would be 1,635 grams; and if all were small vessels, it would be 583 grams. Each of these estimates is far below the Duckfoot rate.

The results of these various accumulations studies, standardized to look only at the accumulation of cooking-pot sherds, are summarized in table 4.2. The similarity in these accumulation rates, except for those calculated with the discard equation, supports the proposition that cooking-pot sherds accumulated at a relatively regular rate in the Mesa Verde region. Given the high quality of the Duckfoot data, I use the Duckfoot rate as a baseline for annual household accumulation rates of cooking-pot sherds, at least for Mesa Verde-region sites dating to the A.D. 800s. Applying the Duckfoot accumulation rate to the Sand Canyon locality sites, however, means assessing the difference between the plain gray cooking vessels used at Duckfoot and the corrugated cooking vessels used at the later Sand Canyon locality sites.

    
    Table 4.2 Cooking-Pot Sherd Accumulation Rates from Various Studies

    
    
    	STUDY
    	COOKING-POT SHERD ACCUMULATION (GRAMS/HOUSEHOLD/YEAR)
    

    	Duckfoot: Varien, this volume
    	5,323 to 6,654
    

    	Dolores: Kohler and Blinman (1987)
    	5,327
    

    	Dolores and cross-cultural data: Nelson, Kohler, and Kintigh (1994)
    	3,900 to 7,998
    

    	Discard equation and ethnographic values
    	2,551
    

    

    


APPLICATION OF THE DUCKFOOT ACCUMULATION RATE

The application of pottery accumulation rates is invariably met with a seemingly endless list of “what ifs”—hypothetical behaviors or formation processes that would undermine the applicability of a single accumulation rate to a wide range of sites. What if some households had easier access to cooking pots while for others cooking pots were in short supply? What if there were ritual deposition of cooking pots? What if different types of cooking pots were used in different ways, producing different breakage rates?

To begin examining variability in cooking pot accumulations, I consider the general characteristics of assemblage formation in the Pueblo I and III periods. The similarity of these assemblages supports the idea that cooking pots accumulated at relatively regular rates and that no matter how many of these “what ifs” occurred in the past, they produced relatively limited variation in the rate of cooking pot accumulation, particularly in sites with occupations that lasted for more than a few years.

The proportions of artifact types at sites are the result of the rates at which those artifacts accumulated and of the post-depositional processes that affected the artifacts after discard. Therefore, examining the variation in artifact frequencies is one means of assessing the variability in artifact accumulation rates.

Nelson, Kohler, and Kintigh (1994:128–133) used data from 14 Dolores Archaeological Program (DAP) sites to examine the relationship between statistical point estimates for all pottery sherds and for the following artifact categories: chipped-stone debris, flaked stone tools, and nonflaked stone tools. They presented a scatterplot matrix and correlation coefficients that showed a strong linear relationship between pottery and the other artifact categories. The authors concluded that it was person-years of occupation, which combines the length of occupation with the average momentary population, that was responsible for the strong relationships among categories (Nelson, Kohler, and Kintigh 1994:130). In other words, these artifact categories must have accumulated at relatively regular rates in order to occur in such similar proportions at the sites examined.

To illustrate this point, the relationship between cooking-pot sherds and chipped-stone debris is examined here in three scatterplots and regression equations. The first (fig. 4.2) combines Duckfoot data with data from eight Dolores sites interpreted as year-round habitations occupied during the Pueblo I period.20 The next plot (fig. 4.3) shows the following Pueblo III sites: the 13 sites that were tested in the Sand Canyon locality; Green Lizard Hamlet—an intensively excavated unit pueblo in the Sand Canyon locality (Huber 1993); and two contexts from Sand Canyon Pueblo itself—a midden in an abandoned structure and the probability sample from the nonarchitectural areas of the site. The final scatterplot (fig. 4.4) combines the data from the Pueblo I and Pueblo III sites.

A linear relationship between cooking-pot sherd and chipped-stone debris accumulation is demonstrated by all three scatterplots. When the Pueblo I sites alone are considered, Duckfoot is the site farthest from the regression line. Most of the Dolores sites have more chipped-stone debris than cooking-pot sherds, but Duckfoot has greater amounts of cookingpot sherds. As discussed previously, Duckfoot and Dolores cooking-pot sherds accumulated at similar rates. Therefore, the slight difference between Duckfoot and the Dolores sites in the proportions of cooking-pot sherds and chipped-stone debris is probably due in part to variation in the rate at which the chipped-stone debris accumulated at these sites.

When the Pueblo III sites are examined, the relationship is still strong, although not quite so strong as in the Pueblo I sites. Combining the Pueblo I and Pueblo III data, however, produces the strongest relationship of all three plots. Again, there is a slight tendency for the Pueblo I sites to have higher amounts of chipped-stone debris relative to cooking-pot sherds, although there is overlap with the Pueblo III sites in this regard.
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    Figure 4.2 Scatterplot showing the relationship between cooking-pot sherds, and chipped-stone debris at Duckfoot and several Dolores Archaeological Program sites, all of which date to the Pueblo I period. Axes are logged and the regression analysis on the logged data.
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    Figure 4.3 Scatterplot showing the relationship between cooking-pot sherds and chipped-stone debris at the Sand Canyon locality tested sites, at Green Lizard Hamlet, and at two contexs from Sand Canyon Pueblo, all of which date to the Pueblo III period.
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    Figure 4.4 Scatterplot showing the relationship between cooking-pot sherds and chipped-stone debris at Pueblo I and Pueblo, III sites. Axes are logged and the regression analysis on the logged data.


These data do not mean that none of the what-ifs mentioned earlier occurred. These and many more probably did occur. But the strong relationship between the accumulations of functionally distinct artifact categories indicates that either these what-ifs affected most sites in roughly the same manner or their effect on accumulations over the long term was not large. With regard to cooking-pot sherds, this suggests that daily cooking activities, which occurred year after year at sites, produced the majority of cooking-pot sherd accumulation. Other activities, such as cooking pot deposition associated with rituals, probably contributed a relatively small amount to the overall accumulation. Therefore, the accumulation rates developed here hold great promise for estimating the length of site occupation.

APPLYING ACCUMULATION RATES TO SAND CANYON LOCALITY SITES

A number of analyses refine the Duckfoot accumulation rate. These analyses are described in detail elsewhere (Varien 1997: Appendix A) and are only summarized here.

Duckfoot cooking pots were plain gray vessels, but the cooking pots used by Pueblo II and III households in the Mesa Verde region were corrugated gray ware. Three characteristics of plain and corrugated cooking pots were examined to determine whether they accumulated at different rates: the intensiveness of their use, their size, and their performance. There were clear differences between plain and corrugated cooking pots that probably affected their accumulation rate, but they did so in opposite ways.

First, the presence of sooting on a higher percentage of corrugated jars than of plain gray cooking pots (Blinman 1988a:127; Mills 1989b:154; Rohn 1971:143; Varien 1997:298) led to the interpretation that corrugated vessels were more specialized for cooking and were used more intensively as cooking vessels than were plain gray vessels (Blinman 1988b:454; Mills 1989b:136–147). More intensive use of corrugated cooking pots would have subjected these vessels to greater thermal stress, resulting in shorter vessel use-life and greater accumulation rates.

Second, corrugated cooking pots were also larger than plain gray cooking pots (Blinman 1988b:457; Mills 1989b:147–150; Rohn 1971:142; Varien 1997:299–302). Assuming that the size of the household cooking pot inventory was similar for corrugated and plain vessels, the larger size of the corrugated cooking pots would also have resulted in corrugated vessels accumulating at a faster rate than plain gray vessels.

Third, in terms of performance, corrugated vessels have greater thermal stress resistance than plain gray vessels (Pierce 1998). Greater thermal stress resistance would have resulted in corrugated pots lasting longer and accumulating slower than plain gray vessels.

In short, there are important differences between plain and corrugated cooking pots that have the potential to affect their accumulation rates. The absolute change in the accumulation rate of plain versus corrugated cooking pots was, therefore, an empirical problem that needed to be solved.

This problem was addressed with three analyses. The first examined the changing proportions of vessel forms between the late A.D. 800s and 1300, focusing on changes in the proportions of cooking pots to bowls and cooking pots to ollas (storage jars with long necks and restricted orifices). A heuristic assumption—that the changing proportions of these vessel types were due entirely to changes in the accumulation rate of cookingpot sherds—was used to evaluate the maximum potential difference between plain and corrugated cooking-pot sherd accumulations. Using this assumption and the changing proportions of vessel types, the maximum possible range for the annual household accumulation rate of corrugated cookingpot sherds was calculated to be 2,012 to 9,788 grams.

Second, the maximum range was evaluated by comparing it with a strong archaeological case in which reasonable estimates existed for population size, total accumulation, and the length of time during which the accumulation occurred. The strong case was a midden inside an abandoned structure at Sand Canyon Pueblo. This produced a refined accumulation rate for corrugated vessels—3,810 to 6,654 grams—termed the core range.

Third, the three ranges—the maximum range, the core range, and the Duckfoot range—were used to estimate the occupation spans at 13 sites in the Sand Canyon locality. These occupation span estimates were compared with independent evidence for the maximum occupation span at each site. This evidence included the following: when available, tree-ring dating to determine site construction dates; pottery and archaeomagnetic dating to bracket the period of occupation; and the known date for the abandonment of the Mesa Verde region to establish the latest possible site abandonment date. Possible accumulation rates were rejected when they produced occupation span estimates that exceeded the maximum occupation span as indicated by the independent evidence.

These analyses indicate that the best estimate for the accumulation rate for corrugated cooking pots is similar to the Duckfoot rate for plain gray cooking pots. The low end of the Duckfoot rate—5,323 grams—is the lowest possible annual household accumulation rate for corrugated cooking-pot sherds. Using this rate, the occupation span estimates for the Pueblo III sites are just below the maximum occupation spans suggested by independent evidence. The high end of the Duckfoot rate produces estimates that are always less than the independently derived maximum occupation spans, indicating that this rate is possible for each of the sites. The upper end of the Duckfoot rate—6,654 grams—is therefore considered the best available estimate for the annual household accumulation of corrugated cookingpot sherds.

The interpretation that the accumulation rates of plain and corrugated cooking-pot sherds were similar is supported by the scatterplot presented previously (fig. 4.4). The similarity of these rates suggests that the differences between these plain gray and corrugated cooking vessels tend to counteract one another. Increased specialization and increased average vessel size would have increased accumulation rates for corrugated cooking pots, but this appears to have been offset by the enhanced performance of corrugated vessels.

These conclusions rest on two assumptions: (1) that the rate of accumulation of cooking-pot sherds is uniform, and (2) that the point estimates of the total accumulations are reasonably accurate. There is undoubtedly some interhousehold variation in the accumulation rate of cooking-pot sherds, but the analyses presented earlier indicate that this variation is limited. The point estimates for total accumulation were generated using sound sampling procedures, so they should be reasonably accurate. Further, these point estimates can be used in conjunction with confidence intervals to provide a statistically valid range for the total accumulation. These data—the accumulation rate and the estimates for the total accumulation of corrugated cooking-pot sherds—are used in the following chapter to generate occupation span estimates for the Sand Canyon locality sites. These occupation span estimates are the basis for measuring the frequency of household residential mobility in the Sand Canyon locality.


5

HOUSEHOLD RESIDENTIAL MOVEMENT IN THE SAND CANYON LOCALITY

In the next step of the analysis, I use the best estimate for the annual household accumulation rate of corrugated cooking-pot sherds—6,654 grams—to estimate site occupation span and frequency of household residential movement at 13 tested sites in the Sand Canyon locality (fig. 5.1). This rate is used in conjunction with statistical estimates of the total weight of corrugated cooking-pot sherds at the 13 sites. First, the total weight estimates are divided by the annual household accumulation rate. Next, this figure is divided by the number of kivas or pit structures at each site to control for differences in site size. This produces a range for the average length of occupation per household.

Next, dating, architecture, and stratigraphy are examined for each site to determine whether multiple households were present and whether those households were occupied simultaneously or sequentially. This contextual information from each site is used in conjunction with the average length of occupation per household to determine the total occupation span at each site. The resulting occupation span range provides the best estimate for the frequency of household residential movement in the Sand Canyon locality.
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    Figure 5.1 The 13 tested sites in the Sand Canyon locality.


A minimum occupation span estimate is also calculated by using the high end of the maximum possible annual accumulation rate—9,788 grams—and the low end of the 95-percent confidence interval for the total estimated cooking pot accumulation. This minimum estimate is extremely conservative because the true value for the total accumulation is almost certainly higher than the low end of the 95-percent confidence interval, and the true accumulation rate is almost certainly lower than the high end of the maximum range. This minimum estimate is nonetheless useful as a baseline for the shortest possible occupation span, but it is worth remembering that the true occupation span is almost certainly higher.

Site occupation span and the frequency of household movement are found to vary considerably among the Sand Canyon locality residential sites, and accumulations research allows this variation to be quantified for the first time. This variation suggests that social factors, and not only resource depletion or environmental change, are important in determining the frequency of residential moves. Pueblo II habitations were typically occupied for one generation or less, but many of the Pueblo III residential sites were occupied for two and perhaps three generations.

SAND CANYON LOCALITY RESIDENTIAL SITES

Detailed descriptions of the 13 Sand Canyon locality sites used in the analyses that follow appear elsewhere (Varien 1998), and only brief descriptions are included here (table 5.1).

Eleven sites are interpreted as year-round habitations dating between A.D. 1180 and 1280. Five of these 11 sites had earlier occupations dating sometime between 1050 and 1150. Of the five earlier occupations, two were year-round habitations; the remaining earlier components represent limited use of the sites. Thus, the 11 sites comprise 15 components dating to either the Pueblo II or III period. (Basketmaker III and Pueblo I components were also identified at several sites, but they are not considered here because they did not result in the deposition of corrugated potsherds.)

Two additional tested sites, Troy’s Tower and Mad Dog Tower, had architectural features and artifact assemblages distinct from those of the other 11 sites. These two sites might have been habitations occupied by households of atypical composition (e.g., small households or unmarried individuals) or they might have had some specialized, nonhabitational use (Varien 1998). These sites are included in the analysis, but the accumulation rates developed in chapter 4 are probably less accurate when applied to them.

    
    Table 5.1 Summary Information on Tested Sites in the Sand Canyon Locality
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    aBMIII = 550–700; Late PII = 1050–1150; Early PIII A.D. 1150–1225; Late PIII = 1225–1300.

    bThis is the depth of the talus slope midden; another midden on the site, found in an abandoned kiva, was 70 to 80 cm thick.

    cProable tower, but evidence is not conclusive.


Estimating Total Cooking-Pot Sherd Accumulation

Stratified random samples were excavated at each of the 13 sites. The number of sampling strata at each site varied, but all sites were stratified into the same general depositional contexts. These sampling strata included surface architecture, subterranean architecture, courtyard, midden, inner periphery (the area adjacent to the architecture and midden), and outer periphery (the area extending to the limit of the surface artifact scatter).

Both Pueblo II and Pueblo III components were present at five sites. Corrugated cooking pots were the only vessels used for cooking in both Pueblo II and III. It is impossible to distinguish Pueblo II from Pueblo III corrugated body sherds, so a method was devised to estimate how much of the corrugated pottery was associated with each component.1

The formulas for calculating point estimates for weights of the total populations of corrugated cooking-pot sherds at each site and for calculating confidence intervals are those presented by Kohler (1988:55–56). The point estimates were obtained by multiplying the total number of corrugated sherds from each sampling stratum by the inverse of the sampling proportion in each stratum and then cumulating this product over all strata. Confidence intervals were calculated by first computing the variance of the point estimate and then multiplying its square root by the appropriate value of t, which was obtained from table D in Blalock (1979:603). Point estimates and 66-percent, 80-percent, and 95-percent confidence intervals were calculated for the corrugated pottery at each site (table 5.2).

Estimating Site Occupation Span

The point estimates and confidence intervals are used in conjunction with the accumulation rates to calculate site occupation span. The initial step is obtaining the estimate for the total household years of site occupation, which is accomplished by dividing the point estimate and confidence interval by the accumulation rate range. At sites with one household, this estimate for the total household years of occupation is also the occupation span estimate for the site. At sites with more than one household, the total household years of occupation must be divided by the number of households on the site to obtain occupation span estimates. In addition, it must be determined whether the occupations of multiple households were simultaneous or sequential.

    
    Table 5.2 Point Estimates and Confidence Intervals for Corrugated Pottery from the Sand Canyon Locality Tested Sites, in Grams
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The total household years of occupation are divided by the number of kiva suites at sites with more than one household. Kiva suites (Bradley 1992:80)—a kiva and its associated surface rooms—are interpreted as the architectural features typically used by a household. A kiva suite is analogous to what Prudden (1903) termed a “unit type pueblo.” The kiva suite is also analogous to the pit structure suite at the Duckfoot site (Lightfoot 1994), which Lightfoot interprets as the architectural correlate of a Duckfoot household.2

Not all researchers will agree that a kiva suite was used by a single household; many would interpret kivas as integrating a larger group, such as a minimal lineage. Lipe’s (1989) discussion of the social scale of small Mesa Verde-region kivas, however, supports the interpretation that a kiva suite is the architectural correlate of a large household, as does Ortman’s (n.d.) analysis of the distribution of mealing bins (see chapter 1 for a more detailed discussion of household organization). Further, the Duckfoot accumulation rate should apply because the pit structure suite used to determine the Duckfoot rate is the architectural predecessor of the kiva suite. Regardless of how one interprets the social scale represented by a kiva, dividing the point estimate for the total weight of corrugated sherds by the number of kivas is a viable means of standardizing the accumulation rate at sites of differing sizes.

Dividing the total household years of occupation by the number of kivas provides the average length of occupation per kiva suite. This does not provide a precise measure of the length of occupation of each kiva suite because the point estimates of corrugated sherds are for the entire site and not for individual kiva suites. This issue is discussed in greater detail in the sections that describe each site.

Three variables are used to calculate occupation span estimates: (1) the number of kivas at the site, (2) the point estimates and the 80-percent confidence interval for the total accumulation of corrugated cooking-pot sherds, and (3) the upper end of the Duckfoot accumulation rate (6,654 grams). The point estimate and 80-percent confidence interval for the total accumulation of cooking-pot sherds are divided by the upper end of the Duckfoot accumulation rate, and the result is then divided by the number of kivas. This produces a point estimate and range for the length of occupation per kiva suite that can be accepted with a relatively high degree of confidence. A minimum occupation span is also calculated; we can be confident that the minimum range is the lowest possible occupation span and that the true length of site occupation was higher (table 5.3).

    
    Table 5.3 Estimates for Length of Occupation per Kiva Suite, Rounded to Nearest Year
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DETERMINING THE LENGTH OF SITE OCCUPATION

Having worked through the application of the accumulation rates to estimating the length of occupation per kiva suite, there is still the problem of determining the best estimate for the total length of occupation for each of the Sand Canyon locality residential sites. In the sections that follow, each habitation component at each site is evaluated to interpret the frequency of household residential movement in the Sand Canyon locality. If kiva suite occupations were fully contemporaneous, then the total occupation duration would be the same as the estimated length of occupation per kiva suite. If, however, kiva suite occupation was either partly contemporaneous or sequential, then the occupation span would exceed the estimated length of occupation per kiva suite. If kiva suite occupation was fully sequential, the total length of site occupation would be the estimate per kiva suite times the number of kiva suites.

To determine whether kiva suite occupation was contemporaneous, partially contemporaneous, or sequential, the following data are evaluated: tree-ring, pottery, and archaeomagnetic dates; architectural style; and stratigraphy (Varien 1998). The two sites with the smallest quantity of corrugated cooking-pot sherds by weight are examined first.

Troy's Tower

Troy’s Tower consists of a masonry tower, a masonry kiva, two large pit features, and a small but well-defined trash area. The kiva and tower are linked by a tunnel, as is common in the Mesa Verde region after A.D. 1150 (Varien 1998). Tree-ring dates from a large bell-shaped roasting pit document site use in the 1270s, while an archaeomagnetic date from the kiva hearth provided a dating range between 1225 and 1325. Pottery dating suggests occupation in the middle to late 1200s.

Troy’s Tower lacks the surface roomblock that characterizes sites interpreted as year-round habitations. In addition, its assemblage composition contrasts with those of the other sites, particularly with regard to macrobotanical remains. Troy’s Tower has twice the diversity of reproductive plant parts when compared with the other sites (Adams 1998). In addition, the site has fewer artifacts than all other sites except Mad Dog Tower. This is reflected in the relatively short point estimate—13 years—for its length of site occupation.

The site was interpreted as being either a habitation with an atypical household composition or a nonhabitational site with more specialized function (Varien 1998). Examples of atypical household composition include a single adult or a married couple with no children. An example of a site with a specialized function would be one used periodically for ritual activity. In either case, the cooking-pot sherd accumulation rate may have been affected. A smaller-than-typical household would probably use and break fewer cooking pots, and the same would be true for a site used periodically for some special activity. The use-life estimates for Troy’s Tower should therefore be considered low.

Mad Dog Tower

Like Troy’s Tower, this site might have been used for specialized, nonhabitational activities (Kleidon 1998b), or it might have been a year-round habitation occupied by an atypical household. Mad Dog Tower consists of a masonry tower, a partially masonry-lined kiva, a single surface room, and dispersed sheet trash. The Mad Dog artifact assemblage differs from those of the other sites, having high frequencies of chipped-stone debris, projectile points, and bifaces relative to the entire chipped-stone assemblage. The site also has relatively low frequencies of white ware jars. Given the possible differences in site use, the annual household corrugated cooking pot accumulation at Mad Dog Tower may have been less than at the other sites, and the accumulation rate may underestimate the true length of site occupation. The estimated length of occupation for Mad Dog Tower, ranging from 4 to 11 years (that is, from the minimum occupation estimate to the high end of the confidence interval range), should therefore be considered a minimum.

G and G Hamlet, Pueblo II Habitation

G and G Hamlet is a mesa-top unit pueblo with two distinct periods of occupation (Kuckelman 1998a). The Pueblo II habitation is interpreted as a year-round habitation for a single household. The major features at the site include a roomblock, pit structure, and well-defined midden (well-defined means a distinct mound with abrupt horizontal boundaries). The Pueblo II midden on this site was spatially discrete from the Pueblo III midden. The Pueblo II architecture is earthen and includes a post-and-adobe roomblock and an earth-walled pit structure. Tree-ring dates place construction sometime between A.D. 1065 and 1070. As noted in the discussion of the Duckfoot site, there are use-life limits to earthen architecture; the maximum use-life for earthen structures is 25–30 years with extensive remodeling. We found no such evidence for remodeling, although our test excavations exposed only limited portions of the architectural features.

Given the earthen architecture and the lack of evidence for extensive remodeling, the point estimate of 16 years is reasonable, and the range provided by the minimum occupation estimate and the high end of the confidence interval range (8 to 18 years) is also possible. These estimates indicate that occupation of this site was limited to a single generation, and it probably occurred sometime in the 1065 to 1085 interval.

G and G Hamlet, Pueblo III Habitation

This component is interpreted as a year-round habitation occupied by a single household. Architectural features include a masonry roomblock, a masonry kiva, and a midden with well-defined boundaries (Kuckelman 1998a). The presence of masonry architecture means that the architectural limitations on site use-life were not as severe as with earthen buildings. Pottery dating indicates that the most likely period of occupation was between A.D. 1180 and 1220 (Varien 1998).

The point estimate of approximately 19 years is reasonable, but there is no reason to reject the low estimate of 10 years or the high estimate of 21 years. The dating evidence and the length-of-occupation estimates indicate that the Pueblo II and III occupations of G and G Hamlet could not have been continuous; the two occupations were probably separated by approximately 100 years. Further, the Pueblo III habitation probably lasted a little longer than the Pueblo II habitation. As with the earlier habitation of G and G Hamlet, the Pueblo III component was probably limited to a single generation.

Lillian's Site, Roy's Ruin, and Shorlene's Site

These sites are all mesa-top unit pueblos, each with a masonry roomblock containing fewer than 10 rooms, a single masonry kiva, and a well-defined trash area (Varien 1998). All are interpreted as year-round habitations for a single household. Evidence of architectural remodeling was found at all three sites. Tree-ring dates were obtained from Lillian’s and Roy’s; their context is somewhat ambiguous but they are interpreted as evidence for occupation in the early 1200s (Varien 1998). Pottery assemblages indicate that all three sites were contemporaneously occupied, that occupation began sometime after 1180, and that they were abandoned as habitations by the middle 1200s (Varien 1998). That roof timbers were salvaged from the kivas indicates that they were abandoned as habitations before the regional abandonment between 1280 and 1290.

The minimum possible occupations at these sites range between 23 and 32 years; therefore, they were almost certainly occupied longer than G and G Hamlet. The point estimates for length of site occupation range between 49 and 65 years, and the high ends of the confidence interval ranges are between 59 and 76 years. All of these estimates are possible, but the high end of the confidence interval range approaches the maximum possible occupation span when tree-ring and pottery dating are considered.

The point estimates for these sites indicate lengthy, multigenerational occupations.3 This is true even for the minimum estimates of Roy’s Ruin and Shorlene’s Site. It is also possible that these sites continued to be used seasonally and that pottery continued to be discarded at the sites after they were abandoned as permanent habitations. This could have occurred if the people living at Sand Canyon Pueblo used these sites as field houses during the late 1200s, an interpretation that is discussed in greater detail in chapter 6.

Kenzie Dawn Hamlet, Pueblo II Habitation

Kenzie Dawn Hamlet is another mesa-top unit pueblo (Kuckelman 1998b). Like G and G Hamlet, it has both Pueblo II and Pueblo III habitation components, with the Pueblo II component consisting of a post-and-adobe roomblock and an earth-walled pit structure. Any discrete midden associated with this component was either covered by the later occupation or dispersed by plowing and the clearing of trees in areas surrounding the core of the site. Tree-ring dates indicate that construction of this habitation occurred sometime in the A.D. 1080s (Kuckelman 1998b).

The 26-year point estimate for the length of occupation for this habitation component is on the high end of what is possible for the earthen architecture present at the site. The true length of occupation is probably somewhere between the 11-year minimum estimate and the 32-year high end of the confidence interval range. The probable period of occupation of this component is between 1080 and 1110.

Kuckelman (1998b) argues, on the basis of absolute dates, pottery dating, and stratigraphy, that there was nearly continuous occupation at Kenzie Dawn Hamlet for over a century, beginning with the occupation in the late 1000s and continuing throughout most of the 1100s. This interpretation is examined in the discussion that follows on the Pueblo III length-of-occupation estimates.

Kenzie Dawn Hamlet, Pueblo III Habitation

The Pueblo III habitation of Kenzie Dawn Hamlet included several building episodes that resulted in spatially separate and stratigraphically distinct architectural facilities (Kuckelman 1998b). Extensive remodeling was evident in each architectural area. Tree-ring dates are few, and the beginning of the Pueblo III component cannot be dated with certainty, but the tree-ring dates do indicate that there was Pueblo III occupation as early as the A.D. 1140s. Pottery dating indicates that occupation extended into the early 1200s but that Kenzie Dawn, as a year-round residence, may have been abandoned slightly earlier than Lillian’s, Roy’s, and Shorlene’s sites (Varien 1998).

The earlier of the Pueblo III architectural components consists of a masonry-lined kiva and a masonry roomblock; the midden associated with this component has been obscured by the later component and by historic land use. The later Pueblo III architectural component has two masonry-lined kivas and a masonry roomblock, several deep pit features or pit rooms, and a spatially discrete, well-defined midden. Stone appears to have been robbed from the earlier Pueblo III roomblock to construct the later roomblock, and the later roomblock exhibits extensive remodeling (Kuckelman 1998b).

The presence of multiple kivas, and the stratigraphic evidence for the sequential occupation of these kivas, makes the interpretation of the total length of site occupation more difficult. The length-of-occupation estimates per kiva suite presented in table 5.3 would equal the total length of site occupation only if all of the kiva suites were fully contemporaneous.

In the case of Kenzie Dawn Hamlet, the point estimate for the length of occupation for each of the Pueblo III kiva suites is 40 years. Stratigraphic and contextual evidence indicates that during the initial Pueblo III period there was a single household living in a kiva suite, and at some later point this kiva suite was dismantled and replaced by kiva suites for two additional households. There is no stratigraphic evidence for a hiatus in the site occupation between these two building episodes. If the early kiva suite was used for 40 years, and the later architectural component with two kivas suites was used for 40 years, then the total length of the Pueblo III habitation component would be 80 years. This estimate of 80 years would hold only if the two households in the later architectural component were fully contemporaneous, so this is a conservative estimate. The minimum per-household length of occupation estimate is 15 years, which, taking the sequential nature of the Pueblo III occupation into account, would produce a minimum estimate of 30 years for the total length of Pueblo III site occupation. Similarly, the maximum estimate of the confidence interval range would produce a maximum estimate of 102 years for the total length of the Pueblo III occupation.

In sum, architectural details suggest a long period of occupation for the Pueblo III component at Kenzie Dawn. An 80-year length of occupation, as suggested by the point estimate accumulation rate, is supported by the architectural, stratigraphic, and chronometric evidence. Together these data indicate that Kenzie Dawn Hamlet was occupied for more than one generation and probably for several generations. The accumulation data could also be marshaled to support Kuckelman’s interpretation that there was relatively continuous occupation of the site from construction of the Pueblo II habitation component beginning in the 1080s and lasting through most of the 1100s and perhaps into the early 1200s. Cumulatively, the Pueblo II and III occupations of Kenzie Dawn Hamlet might comprise a minimum occupation of approximately 40 years, with a substantial hiatus in occupation between the Pueblo II and III occupations. A more likely interpretation is an occupation of 100 to 130 years with little or no break in the occupation between the Pueblo II and III period components.

Lester's Site

This site, located on the talus slope just outside the Sand Canyon Pueblo site enclosing wall, consists of two masonry-lined kivas, several masonry surface rooms, and a midden on the talus slope (Kuckelman 1998c). One of the kivas had burned. Despite the fact that 89 of 192 tree-ring specimens produced dates, only one cutting date was obtained—A.D. 1270. This may date kiva construction, but there is also a cluster of near-cutting (“v”) dates from the early 1200s that could reflect the true construction date. All that can be stated with certainty is that the kiva was in use after 1271, which is the latest noncutting date (Kuckelman 1998c). An archaeomagnetic date from the hearth provided a dating range of 1275 to 1600, indicating that kiva abandonment postdates 1275. Thus, this kiva appears to have been used up to the time of the regional abandonment at approximately 1290. Pottery dating from the site indicates that Lester’s was roughly contemporaneous with Sand Canyon Pueblo (Varien 1998), where the primary occupation dates between 1240 and 1290 (Bradley 1992).

Stratigraphic interpretation suggests that roof beams were salvaged from the unburned kiva at the time of its abandonment, indicating that the kiva was abandoned before the regional abandonment. Thus, the households using these two kivas do not appear to have been fully contemporaneous.

The point estimate for the length of a kiva suite occupation is 31 years. If the two kiva suites were entirely sequential, then the point estimate for the total length of site occupation would be 62 years. If, however, the two households were partially contemporaneous, then the total length of site occupation would be between 31 and 62 years, with a minimum estimate between 13 and 26 years and a maximum between 39 and 78 years. These estimates indicate that a multigenerational occupation of Lester’s is likely; however, the minimum estimate indicates that occupation for a single generation is possible. If the total length of site occupation is estimated at 45 years (that is, if the point estimates are used and the two kiva suites are interpreted as having been largely but not entirely contemporaneous), and if abandonment occurred no later than 1290, then the period of site occupation would be approximately 1245 to 1290.

Lookout House

This site, located on the talus slope 150 meters southwest along the canyon rim from Lester’s Site and Sand Canyon Pueblo, consists of three masonry-lined kivas, masonry surface rooms, and a midden on the talus slope (Kuckelman 1998d). One of the kivas was constructed early in the occupation of the site. It was abandoned, dismantled, and filled with trash while the rest of the site remained occupied. A tree-ring date from the midden in this abandoned kiva indicates that some of the midden was deposited after A.D. 1257. The timbers from the other kivas appear to have been salvaged at the time of their abandonment, indicating that the site was abandoned before the regional abandonment. The occurrence of burials in the naturally deposited fill of two abandoned structures also indicates that people remained in the area after Lookout House structures were abandoned. Therefore, the site was abandoned sometime after 1257 but before 1290. Pottery dating supports an interpretation that the site was occupied in the middle to late 1200s.

The point estimate for the length of occupation for each household is 25 years. Given the sequential occupation of the households, the total length of site occupation must have been somewhat greater. If the household using the earliest kiva was abandoned and replaced, without a hiatus in occupation, by two households that occupied the site contemporaneously, then the point estimate for the total length of site occupation would be 50 years. Again, this is a conservative estimate because it assumes both the full contemporaneity of the later households and that occupation was continuous. The minimum length of occupation would be 14 years (twice the minimum estimate), with a maximum estimate of 72 years (twice the upper end of the confidence interval range). Thus, stratigraphy and the point estimate for the total length of occupation indicate that Lookout House was probably occupied for more than one generation, but the minimum estimate indicates that a single-generation occupation is possible. All things considered, the best estimate for the period of occupation at Lookout House is sometime between 1230 and 1280.

Stanton's Site

This site is located on an upper talus slope in Sand Canyon, approximately 1.4 kilometers from Sand Canyon Pueblo (Varien 1998). Architectural features include a masonry-lined kiva, a masonry roomblock, and a free-standing masonry tower. A midden is located on the talus slope below the architectural features. With a depth as great as 1.25 meters, it is the deepest midden encountered during testing program excavations. There are no absolute dates from the site, but pottery dating indicates an occupation in the middle to late 1200s. Roof timbers appear to have been salvaged from the abandoned kiva, indicating that the site was abandoned sometime before 1290.

Stanton’s Site is a single-component, single-kiva occupation. The point estimate of 75 years is the longest occupation span for any of the tested sites. A lengthy occupation is supported by the depth of the midden. The minimum estimate for the length of occupation at this site is 17 years. The low end of the 80-percent confidence interval range is much longer, 46 years. The large difference between the estimates at this site is due in part to the high variance in the quantity of material found in each sampling unit and the resulting large range in the 95-percent confidence interval for the estimate of total corrugated sherd accumulation. Greater variance is true for most of the sites located on talus slopes, where the presence or absence of large boulders creates differences in the depth of deposits among sampling units.

The point estimate, confidence interval range, and depth of the midden deposits indicate that Stanton’s Site had a lengthy occupation. This is important because it indicates, first, that Stanton’s Site was probably occupied for more than one generation, and second, that the shift in site location from the mesa tops to the canyons began in the early 1200s rather than the middle 1200s as had been argued previously (Adler and Varien 1994:90). It is possible that Stanton’s Site was occupied for most of the 1200s. The lengthy occupation also calls into question the interpretation that the inhabitants of small sites in the canyon were economically marginal relative to the inhabitants of Sand Canyon Pueblo (Munro 1994; Varien 1998).

Catherine's Site

This site is located on a bench in Sand Canyon 100 meters downslope from Stanton’s Site (Varien 1998). The site consists of two masonry-lined kivas, a small masonry roomblock, and a well-defined trash area. Timbers appear to have been salvaged from both kivas, indicating that the site was abandoned before A.D. 1290. Pottery dating suggests occupation in the middle to late 1200s.

The two kivas on the site have similar fill sequences, including distinctive water-deposited strata in the upper fill that appears to have been the result of a single storm. Therefore, the kivas appear to have been abandoned and filled at approximately the same time, indicating that they may have been occupied largely contemporaneously.

If the two households were fully contemporaneous, the point estimate of 33 years would also be the length of occupation. If the two households were only partially contemporaneous, the total site occupation point estimate would be somewhere between 33 and 66 years. The minimum estimate for the total length of site occupation is 18 years (if both kivas were fully contemporaneous). Thus, Catherine’s Site was probably a multigenerational habitation with occupation in the middle 1200s, sometime between 1230 and 1270.

Saddlehorn Hamlet

Saddlehorn Hamlet is a year-round habitation occupied by a single household. Major features include a masonry-lined kiva, a roomblock (including two rooms constructed in a sandstone alcove), and a well-defined midden (Kleidon 1998a). Tree-ring dates indicate that the kiva was occupied sometime after A.D. 1256, and construction may have occurred near that date. That the kiva was burned with no timbers salvaged indicates that the site was probably occupied until the region was abandoned, sometime between 1280 and 1290. Pottery dating supports the interpretation that occupation was in the late 1200s (Varien 1998).

The point estimate for the length of site occupation, 23 years, is consistent with these archaeological data. The minimum possible occupation span, 6 years, almost certainly underestimates the true length of occupation. If site occupation began sometime around 1256 and Saddlehorn was occupied for 23 years, abandonment would have occurred at approximately A.D. 1280.

Castle Rock Pueblo

This is the largest site excavated during the Sand Canyon Project Testing Program (Kleidon 1998c). It contains approximately 16 kivas, 40–75 masonry rooms, and associated refuse deposits. Not all the kivas are residential, and an estimate of 13 residential kivas at the site is used here.

Tree-ring dates indicate that occupation began sometime between A.D. 1240 and 1250. Stratigraphy and structure abandonment indicate that the site was occupied up to the time of the regional abandonment and that site abandonment was accompanied by warfare (Lightfoot and Kuckelman n.d.). Pottery dating supports this chronological interpretation. Thus, a 40- or 45-year length of occupation seems likely given the evidence from tree-ring dating, pottery dating, and structure abandonment. This span fits fairly well with the point estimate of 33 years based on cooking-pot sherd accumulation.

Together, tree-ring dating and length-of-occupation estimates provide evidence that most of the residences at Castle Rock were occupied contemporaneously. This means the site must have been established by a relatively large group of households and that it did not grow by accretion. This observation is particularly important for interpreting the last decades of occupation of the Mesa Verde region, a topic discussed in chapter 8.
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CONCLUSIONS: HOUSEHOLD RESIDENTIAL MOBILITY IN THE SAND CANYON LOCALITY

Table 5.4 gives the best estimate for the total length of occupation for each site, taking into account the architectural, stratigraphic, and chronometric data. A range is also calculated using the contextual information from each site and the 80-percent confidence interval. The best estimates for occupation span and the confidence intervals are illustrated in figure 5.2.

Perhaps the most striking feature of the length-of-occupation point estimates is their variability. It is unlikely that this variability is the result of sampling error; it would be present even if the annual accumulation rate were in error. There simply is significant variation in the amount of material that accumulated per household at the 13 tested sites. The accumulations research allows us for the first time to quantify that variability. These data indicate that occupation spans ranged between approximately one and three generations.

Year-round residential sites with single-generation occupations include the Pueblo II habitation components at G and G Hamlet and Kenzie Dawn Hamlet and the Pueblo III habitation components at G and G Hamlet, Saddlehorn Hamlet, and Castle Rock Pueblo. Single-generation occupation is also possible for many other sites if the low end of the range is correct. Residential mobility at sites occupied for a single generation may relate to the domestic cycle. These residential sites might have been established as new households formed at marriage, and they continued to be occupied until grown children left the household.

The best estimates for the remaining sites indicate that they were probably occupied for more than a single generation (table 5.4). Occupation for more than one generation is virtually certain at sites where multiple kiva suites were occupied sequentially—the Pueblo III habitations at Kenzie Dawn Hamlet and Lookout House. Partly sequential occupation of kiva suites at Lester’s Site and Catherine’s Site also indicates a high probability that occupation was longer than one generation. There may have been accretional growth at sites with more than one kiva suite; as new households were added, new residential facilities might have been constructed at these sites. Occupation longer than one generation is also likely at many of the residential sites with a single kiva suite (table 5.4). At these sites, the same residential facilities must have been used by multiple generations. In general, the mesa-top unit pueblos had the longest occupation spans, but all of the talus sites, especially Stanton’s Site, were probably occupied for more than one generation.

The impact of environmental stress on residential mobility in the Sand Canyon locality can be addressed using the occupation span estimates and the relatively precise dating. Kohler and Van West (1996) identified a period of production shortfalls in the A.D. 1089 to 1099 interval, the result of a drought that occurred during that time. The abandonment of the Pueblo II habitation component at G and G Hamlet could conceivably relate to this drought; however, it appears more likely that the abandonment occurred before the period of environmental stress. The Pueblo II habitation component at Kenzie Dawn Hamlet was almost certainly occupied throughout this period of low productivity. In addition, the Pueblo III habitation component at Kenzie Dawn was probably occupied through the droughts that occurred repeatedly between approximately 1130 and 1180—the longest period of environmental stress recorded for the four centuries between 900 and 1300. The dating at Roy’s Ruin and Lillian’s Site indicates that these habitations were occupied during the 1212 to 1221 period of low productivity identified by Kohler and Van West (1996).
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    Figure 5.2 Best estimates for total occupation span and 80-percent confidence intervals for the Sand Canyon locality tested sites.


It is important to remember that Kohler and Van West’s (1996) model does not predict the abandonment of small hamlets during periods of climatic deterioration and reduced agricultural productivity. Instead, they argue that aggregated settlements would not have formed during these periods, because aggregated settlements require extended food sharing networks that could not be sustained during times of low agricultural productivity. That the small Sand Canyon locality sites continued to be occupied through periods of low productivity could be seen as supporting their model.

What is important to the immediate discussion, however, is that climatic change severe enough to affect agricultural productivity did not result in the complete abandonment of the Sand Canyon locality. Van West’s (1994) research indicates that the agricultural potential of the Sand Canyon locality was greater than most of the rest of the Mesa Verde region. Given its high agricultural potential, it is possible that the Sand Canyon locality received immigrants from less productive areas within the region during periods of environmental stress. Further research is needed to resolve this issue.

Resource depletion is difficult to evaluate with these data because catchment analyses for each site are not available and the rate of resource depletion is unknown. However, these sites are located relatively close to one another, and in general they were using the same local resources for basic raw materials. If resource depletion stimulated household mobility in the manner suggested by Kohler and Matthews (1988), Nelson and Anyon (1996), and Lekson (1996), the following is expected: (1) frequent residential movement, (2) residential movement at relatively regular intervals, and (3) little evidence for the multigenerational occupation of sites. The variation in the occupation span estimates and the occupation of sites for multiple generations suggest that resource depletion was not the sole cause of household residential movement in the Sand Canyon locality during the Pueblo III period, at least not at the frequency suggested by other researchers. This does not mean that resource depletion was not the cause of household residential mobility at other times and in other places in the Southwest, or that it was not a contributing factor in the residential movement of Sand Canyon locality households.

The variation in the occupation span estimates suggests that no single factor determined the frequency of household residential movement. The variation does suggest that social factors affected the frequency of residential movement and that residential mobility was sensitive to contextual information specific to a particular time and place. Also, the demographic viability of small sites may set upper limits to their occupation span. To unravel how these factors interact, future research needs to examine the occupation span for individual sites in conjunction with a detailed analyses of their local catchments, the degree to which those catchments were depleted over time, the evidence for climatic change and its effect on agricultural productivity, and the social context of the larger community. In the next chapter I attempt to advance our understanding of the social factors that influenced household residential mobility by considering the larger social context of the communities of which the households were a part.


6

COMMUNITY PERSISTENCE IN THE SAND CANYON LOCALITY

The analyses that follow compare the frequency of household movement, as determined in the previous chapter, with the frequency of community movement. Community sedentism and mobility are examined in three ways. First, stratigraphic evidence from pit structures and kivas is examined to determine whether the roofs were removed from the structures, providing a means of inferring whether localities remained occupied after structures were abandoned. Second, artifact density in the fill of pit structures and kivas is quantified to determine whether sites continued to be used after individual structures were abandoned. Third, tree-ring dates are analyzed in order to determine how continuously trees were harvested within individual communities and within the Sand Canyon locality as a whole. Each of these analyses is interpreted in light of a growing body of middle-range research on abandonment processes.

ABANDONMENT PROCESSES

Recently developed middle-range theory examines how abandonment processes affect the formation of the archaeological record (Ascher 1968; Binford 1978a, 1978b; Cameron and Tomka 1993; Schiffer 1987; Stevenson 1982, 1991). This theory specifies the ways in which the behaviors that accompany abandonment affect site formation. Important aspects of abandonment that condition site formation include: (1) whether abandonment was gradual or rapid and planned or unplanned; (2) whether return was anticipated; and (3) whether the distance to the next site was short or long.

These factors affect several behaviors crucial to the interpretation of abandonment (Bonnichsen 1973; Cameron 1991, 1993; Lightfoot 1993; Schiffer 1972, 1976, 1987; Stevenson 1982). The first is whether de facto refuse—usable materials that become refuse as a result of their being abandoned—is present or absent (Cameron 1993:3; Schiffer 1972:160, 1976:33–34, 1987:89). The second is whether there is evidence of artifact curation—the removal of usable items at the time of abandonment for use elsewhere (Cameron 1993:3; Schiffer 1987:89–91). Related to artifact curation is salvaging—the removal of items from de facto refuse by people still living in the site or in the region (Schiffer 1987:104). By examining these behaviors, middle-range research has helped us recognize that abandonment is typically a process that occurs over time, rather than an instantaneous “Pompeii-type” event (Ascher 1961:324; Binford 1981a; Schiffer 1985:18).

The mode of abandonment results in a number of general patterns. Curation and salvaging leave little in the way of de facto refuse; these behaviors occur when abandonment is gradual and planned, when the distance to the next occupied site is short, and when there is no anticipated return to the abandoned site. Conversely, curation and salvaging are limited, and large quantities of de facto refuse are produced, when abandonment is rapid and/or unplanned and when the distance to the next occupied site is great. If return to an abandoned site is anticipated, de facto refuse may be cached to protect it for future use (Stevenson 1982).

In the analyses presented in this chapter, the treatment of pit structure and kiva roofs is examined to determine whether roof timbers were abandoned as de facto refuse or salvaged at the time of structure abandonment. The distance of the move to the next occupied site is the most important variable conditioning whether timbers will be abandoned in place or salvaged; however, the distance over which salvaging occurs will also be affected by the supply of timber in the new locality.

Like all other behavior, abandonment behavior is historically contingent; it is conditioned by prior events. Examples of historically contingent abandonment behavior include culturally specific rituals that accompany the abandonment of a structure or site (Cameron 1993). The historical factors that condition abandonment behavior do not invalidate the general principles identified by middle-range theory. Rather, understanding the historically contingent aspects of abandonment behavior is a challenge that must be addressed when applying the middle-range generalizations.

One aspect of the historical nature of abandonment works in favor of the analyses described here. As discussed by Cameron (1993), abandonment processes operate at increasingly inclusive scales: activity areas, structures, sites of all kinds, and larger settlement systems. Abandonment at a smaller scale—for example, the abandonment of activity areas and structures—is partly contingent on circumstances at the larger, more inclusive scales—individual sites and regional settlement systems. Therefore, the abandonment of activity areas, pit structures, sites, and the many settlements that compose communities occurs in the context of the long-term occupation of particular places. The middle-range theory of abandonment helps us understand the behaviors associated with the abandonment of specific places and the larger context in which the abandonment occurred.

PIT STRUCTURE AND KIVA ABANDONMENT

Typically, kiva roofs in the Mesa Verde region were massive constructions. Examination of intact kiva roofs at cliff dwellings in Mesa Verde National Park indicates that Mesa Verde kiva roofs contained between 96 and 192 beams each (Hovezak 1992). In addition, pit structures and kivas constructed between A.D. 950 and 1300 were either entirely subterranean or were built within enclosed spaces that made them appear subterranean; in both cases the roof timbers were completely within the structure and below the level of the courtyard. This means that post-abandonment natural processes could not ordinarily disperse roof timbers outside the subterranean chamber. In sum, it is unlikely that unburned pit structure and kiva roofs would simply have disappeared without a trace, because (1) they contained so many timbers, (2) the timbers would typically have remained within the structure unless they were deliberately removed, (3) the dry conditions in the Mesa Verde region would typically have preserved roof timbers, and (4) the rare cases in which all timbers did entirely decay would be evident in stratigraphic profiles as dislocation structures or as strata with high organic content.

In this section I examine the abandonment of 57 pit structures, 51 of which are masonry-lined kivas. Two structures date between A.D. 1060 and 1090, and the remainder date between 1140 and 1290. Complete excavation occurred in eight kivas, seven at Sand Canyon Pueblo and one at Green Lizard Hamlet. Forty-nine structures from 14 sites were tested, permitting a thorough evaluation of the post-abandonment stratigraphy.

Stratigraphic analysis indicates that the 57 kiva and pit structure roofs were treated in one of four ways upon abandonment: (1) the entire roof was burned, resulting in the deposition of many large, burned beams; (2) large roof timbers were salvaged and small timbers were subsequently burned, resulting in the deposition of small pieces of charcoal mixed with roof construction sediments; (3) all roof timbers were left in place unburned, resulting in the deposition of rotted, unburned wood and a poorly defined stratum of roof construction sediments; and (4) all roof timbers were salvaged unburned, resulting in the deposition of roof construction sediments with no trace of the roof timbers. In addition, there were three cases in which roof treatment could not be determined.

Structures from which no timbers were salvaged imply (1) a long-distance move to the site occupied next and (2) no residents remaining in the vicinity of the abandoned structure. A long-distance move is defined as one beyond the immediate sustaining area of the abandoned site, or what has been termed a locality. Long-distance moves are implied by both burned and unburned structures in which all of the roof timbers were abandoned as de facto refuse. Burning may have been an abandonment ritual in the structures where it occurred.

Salvaging timbers implies a short-distance move, and a short-distance move implies that the locality remained occupied. Sometimes all timbers in a structure were salvaged, and sometimes only the large timbers were salvaged and then the small timbers were burned. This burning might also have been an abandonment ritual.

Sand Canyon Locality Roof Treatment

There are 15 cases of completely burned roofs in the site sample (26 percent of 57 roofs), all but three of them at Sand Canyon Pueblo. All 15 structures have kiva-style architecture. In Cameron’s analysis of Basketmaker III and Pueblo I pit structure abandonment in the Four Corners region, half of the pit structures had burned (Cameron 1990:32). In Structure 501 at Sand Canyon Pueblo and in the burned kivas at Lester’s Site, Saddlehorn Hamlet, and Castle Rock Pueblo, the burned roof fall lies directly on the structure floor, indicating that burning occurred at or near the time of abandonment. In five kivas at Sand Canyon Pueblo, there was a thin (less than 15 centimeter) layer of naturally deposited sediment between the roof fall and the floor, indicating that these structures were unused for a short time before the roof burned.

Next are structures that appear to have burned after their large roof timbers were salvaged. Cameron (1990:33) reports only three cases of this type of roof treatment (3 percent of her sample) in her survey of pit structure abandonment in the Four Corners region. Burning after salvaging is the most difficult treatment to recognize and interpret archaeologically, but there appear to be 11 cases (19 percent) in the Sandy Canyon locality sample. These cases are similar to unburned structures in that large roof timbers are clearly absent and a cultural deposit that includes roof construction sediments covers the floor.1 They differ from other roof treatments in the abundance of small pieces of charcoal (2–7 centimeters) in the stratum above the floor. The walls of these structures are also burned, and patches of ash are present on the floors and benches, indicating that fire was associated with their abandonment. The interpretation of this context is that the main roof timbers were salvaged but the smaller closing material was burned when the structures were abandoned (Varien 1998).

It is unclear why this type of abandonment occurs in such a large percentage of the Sand Canyon Project structures and why the percentage is so small in other samples (e.g., Cameron 1990). This could be the result of a real difference—that is, Sand Canyon Project structures were treated differently at the time of their abandonment—or it could be that Sand Canyon Project researchers focused on the question of roof treatment in greater detail as a part of a larger interest in abandonment processes (Lipe 1992).

Salvaging of timbers from Sand Canyon Project structures was the most common treatment of roofs at abandonment, occurring in 21 cases (37 percent of the excavated structures). This is not simply a catch-all category for all unburned pit structures and kivas; instead, specific stratigraphic evidence supports the interpretation that timbers were salvaged (Kilby 1998; Varien 1998). In her survey of pit structure abandonment, Cameron (1990:33) interpreted 28 pit structures in her sample (32 percent) as having dismantled roofs. She noted that the dismantling of roofs was sometimes inferred from the absence of a clearly defined roof fall layer (Cameron 1990:29). Examination of the stratigraphy of Sand Canyon locality structures produces the reverse observation: there is a stratum of unburned roof sediment covering the floor of every pit structure or kiva interpreted as having a dismantled roof (see note 1 for a description of these strata).

The next category is that in which roof timbers were neither burned nor salvaged at abandonment but were left behind as de facto refuse. This occurs in seven structures at two sites: Kenzie Dawn and Sand Canyon Pueblo. At Kenzie Dawn, two of the structures are small, earth-walled pit structures that were deliberately filled at abandonment, after which a roomblock was constructed on top of them. The structures at Sand Canyon Pueblo were abandoned near the time of the regional abandonment, and it appears that the roofs were left to collapse naturally with no further use of the structures.

Changes in Roof Treatment over Time

To examine the distribution of different roof treatments through time, structures were assigned to one of four time periods. These assignments were made on the basis of tree-ring dates when they were available; otherwise, the dating was inferred from stratigraphy, pottery, and archaeomagnetic samples. The earliest structures date to the A.D. 1060 to 1090 period, or Period I. Period II falls between 1140 and 1240 and includes structures interpreted as having been built before 1225 and abandoned by 1240. Period III structures are interpreted as having been constructed after 1225 and abandoned by 1260. Period IV includes structures built after 1250.

The changing frequency of four types of roof treatments is illustrated in figure 6.1. Period I includes one unburned pit structure with salvaged roof timbers and one in which roof treatment could not be inferred. In Period II, salvaging of timbers was the most common roof treatment, with five cases in which timbers were salvaged from unburned structures and two cases of salvaged timbers in subsequently burned structures. In Period II, there also were three cases of unburned structures where timbers were abandoned as de facto refuse.

In Period III, all pit structures and kivas are unburned structures from which timbers were salvaged (n = 6). Period IV displays a wide variety of structure abandonments. There were 18 cases in which timbers were abandoned as de facto refuse, including 15 cases in which entire roofs were burned and three in which unburned timbers were left behind. This period also has the largest number of burned structures with salvaged timbers (n = 9) and unburned structures from which timbers were salvaged (n = 9), for a total of 18 cases in which timbers were salvaged.

Interpreting Roof Treatment

The treatment of pit structure and kiva roofs can be evaluated in terms of the middle-range theory presented earlier. Timbers would be salvaged for future use when structures and the site were abandoned as part of a short-distance move to the next occupied site. Conversely, timbers would be left behind as de facto refuse when there was a long-distance move to the next occupied site.

In this model, the salvaging of timbers would occur in cases of gradual, planned abandonment with a short-distance move to the next site. Reuse of timbers from so many Sand Canyon locality structures strongly supports the inference that the locality continued to be occupied after these structures were abandoned. Salvaging of roof timbers was the most common roof treatment in all periods. This provides general evidence for relative continuity in the occupation of the Sand Canyon locality. The abandonment of timbers as de facto refuse occurred only three times in Periods I through III; each case was a small, earth-walled pit structure at Kenzie Dawn Hamlet. Perhaps these timbers were so small that they had little value for reuse.

The differing modes of abandonment suggest that timbers would likely be left behind as de facto refuse when abandonment was rapid and there was a long-distance move to the next occupied site. The Sand Canyon locality data conform to this model; timbers were left behind (that is, in structures with entirely burned roofs and in unburned structures where timbers were abandoned as de facto refuse) most often in structures occupied in the years just before the regional abandonment. There were three cases in which unburned timbers were abandoned in kivas at Sand Canyon Pueblo. Why were these timbers not salvaged? One possible interpretation is that these kivas were abandoned near the time of the regional abandonment, a time when many structures were being abandoned and few new ones were being built. Thus, there may have been a surplus of abandoned timber and relatively little demand for it. As a result, timbers may have been left in place.
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    Figure 6.1 Roof treatments by time period.


The model helps us understand why timbers were salvaged or abandoned as de facto refuse, but it does not tell us why kiva roofs were burned. The traditional interpretation for entirely burned pit structure and kiva roofs is that an accidental event occurred—a spark from the hearth, for instance, accidentally caused the roof to burn. Wilshusen (1986) has demonstrated that the burning of pit structures was not random over time (that is, burned structures do not occur in similar proportions through time) or by type of structure (certain types of pit structures and kivas are more likely to have burned than others). He found a relationship between burned pit structures and interior features interpreted as having been used in ritual. Based on these associations, he argued that the burning of Pueblo I pit structures was intentional and that whether or not a structure was deliberately burned related in part to whether it had a ritual function.

Cameron’s (1990) subsequent work questioned the interpretation that pit structure burning related to structure function, but her research supports the interpretation that burning was intentional and not an accidental event. Approximately half of the pit structures in her sample had burned roofs, a figure that may be inflated by a bias among archaeologists for the excavation of burned structures (Cameron 1990:33). She cites ethnographic examples in which intentional burning was associated with ritual abandonment.

Lightfoot (1994:43–48) interprets Duckfoot pit structures as having been intentionally burned during an abandonment ritual. The Duckfoot pit structures, along with most of the burned pit structures in the Dolores River valley (Schlanger and Wilshusen 1993; Wilshusen 1986), are cases in which the timing of the pit structure abandonment corresponded with an abandonment of the region and a long-distance move to the next occupied area. Thus, the burning of Sand Canyon locality kiva roofs may have been an abandonment ritual that occurred most often when structure abandonment coincided with abandonment of the region.

Abandonment ritual might also explain the cases in which pit structures and kivas were burned, but only after the large timbers had been salvaged for reuse. Salvaging of large timbers from these structures may have occurred because the locality remained occupied.2

The Period IV structures from which timbers were salvaged deserve discussion. The relatively large number of cases in which timbers were salvaged—from either burned or unburned structures—indicates that the decades before the regional abandonment were characterized by considerable household mobility. These may be structures that were built relatively late but were abandoned some years before the regional abandonment. The timbers from these structures might have been salvaged for use as firewood or for construction.

The abandoned kivas at Castle Rock Pueblo do not fit the pattern predicted by the general model of abandonment processes. The abandonment of this site is interpreted as having been associated with a battle in which almost 40 people died (Lightfoot and Kuckelman n.d.). The disarticulated remains of these individuals were found primarily in kiva fills. There are 16 kivas at the site, and 8 of these underwent testing sufficient to enable interpretation of the post-abandonment stratigraphy. Six of the tested kivas are interpreted as having been burned after their timbers were salvaged, another kiva had an unburned roof from which timbers were salvaged, and only one kiva had a completely burned roof. The dating of this site indicates that it was abandoned near the time of the regional abandonment. Given the timing of the site abandonment and the sudden conflict apparently associated with it, the question becomes, who salvaged the beams from these kivas and for what purpose?

SITE ABANDONMENT

To determine whether particular sites continued to be occupied after pit structures and kivas in them were abandoned, the density of artifacts in structure fills is examined next. This measure is similar to the Relative Room Abandonment Measure (RRAM) used at Grasshopper and Chodistas Pueblos (Montgomery 1993; Reid 1973) to identify rooms that were abandoned relatively early in the pueblo’s history versus rooms abandoned relatively late. The RRAM employs the distribution of pottery on floors and in fills and rests on the straightforward argument that rooms with few whole pots on their floors but large quantities of potsherds in the fill were abandoned early, and rooms with many whole pots on their floors and few potsherds in the fill were abandoned late.

This interpretation is in line with the general model of abandonment processes outlined earlier. The model predicts that usable pottery will be salvaged from rooms abandoned relatively early, when much of the site or surrounding area remains occupied. Conversely, usable pottery will be abandoned as de facto refuse in rooms abandoned late in the use of the site, when the distance traveled to the next occupied site is greater. With regard to artifact density in structure fills, rooms abandoned early in the occupation of a site are used for both formal middens and less formal, periodic trash deposition. On the other hand, there is little opportunity for trash deposition in rooms abandoned late.

The structures examined by the Sand Canyon Project Site Testing Program were not fully excavated, so it is impossible to evaluate the quantity of de facto refuse on floors. For the most part de facto refuse was absent in the excavated portions of the tested structures; the only complete vessels found were on a kiva floor at Castle Rock Pueblo. Although information on de facto refuse is limited, information about artifact density in structure fills remains a means of determining whether sites and communities continued to be occupied after those particular structures were abandoned.

The analysis that follows uses 28 pit structures and kivas sampled by the Sand Canyon Project Site Testing Program because excavation methods, particularly the use of screening, were consistent for all of them (Varien 1998). Artifact density was measured using pottery sherds and stone artifacts. Burned or unburned roof fall covered the floors of these structures; artifact density was calculated only for the fill above roof fall because roof fall might contain artifacts associated with the construction or use of the structures. Fill can be grouped into three general categories: cultural deposits, natural deposits, and mixed deposits. Culturally deposited strata include both household refuse (ash from hearths, artifacts, animal bones, botanical remains, etc.) and construction deposits (discarded construction materials from abandoned structures, mostly adobe and sandstone). Natural deposits include sediments transported by wind, water, or gravity. Mixed deposits are some combination of natural and cultural deposits.

Figure 6.2 shows box-and-whisker plots (Shennan 1988:45–46) summarizing the data for artifact density in cultural, natural, and mixed deposits. As expected, natural fill has the lowest artifact density, mixed fill has a higher artifact density, and three cases of cultural fill also exhibit high artifact densities.

The presence of cultural deposits in a particular structure fill is a clear indication that the site continued to be used after the structure was abandoned. Twenty-five percent of the pit structures examined in Cameron’s (1990:32) study were trash filled, but trash was found in only three structures at two sites in the Sand Canyon locality. Both sites have more than one kiva, and the trash in the abandoned structures was probably deposited while the site continued to be occupied year-round by the inhabitants of the other kiva.3

Because culturally deposited strata were so rare, natural deposits and mixed deposits were examined in greater detail. The artifacts in both of these types of fills are too heavy to have been deposited by wind, so if they were deposited by natural processes, then water, gravity, or both must have been the agents. On all sites, pit structures and kivas are on nearly level ground located upslope from the middens, and in most cases they are on the highest portion of the site, so only the smallest artifacts could have been transported by water. The main source of naturally deposited artifacts in the pit structures and kivas would have been the roomblock to the north and the courtyard immediately surrounding the subterranean structure. Because the source area for naturally deposited artifacts is so limited, high artifact densities were not expected.

Natural deposits do have the lowest overall artifact densities, but there are two cases in the natural fill category that have artifact densities as high as those in cultural deposits. Both statistical outliers occur in kivas at Castle Rock Pueblo.4 The higher artifact densities in these two structures indicate that they might have been deliberately filled, which might relate to unusual circumstances associated with the abandonment of Castle Rock Pueblo. When the two statistical outliers from Castle Rock Pueblo are removed, the mean artifact density from the remainder of the naturally deposited fills on all of the tested sites is 97 artifacts per cubic meter.
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    Figure 6.2 Box-and-whisker plots showing artifact density in fills of 28 structure and kivas sampled in the Sand Canyon locality. Each box shows upper and lower quartiles (the interquartile range, or the middle 50 percent of the distribution); the heavy bar represents the median. The lines emanating from each box—the “whisker”—extend to the smallest and largest observationin a group that is less than one interquartile range from the end of the box. Asterisks mark outliers this range.


There are six additional cases of natural fill in which artifact density is well above the mean. Three cases are kivas at Castle Rock, and these may have been intentionally filled. The remaining three cases of high artifact density in natural fill are in the latest kivas occupied at two mesa-top sites: Kenzie Dawn Hamlet (Kuckelman 1998b) and Shorlene’s Site (Varien 1998). These mesa-top sites are located on what are today some of the best agricultural soils in the locality, and because of their association with fertile soils these sites might have continued to be used as field houses after having been abandoned as permanent, year-round habitations.

This interpretation is supported by the five sites at which mixed fills occurred, in a total of 11 pit structures and kivas.5 These structures have artifact densities ranging between 74 and 1,420 artifacts per cubic meter. It may be that the sediments in mixed deposits accumulated gradually, predominately by wind deposition, with the high artifact content due to the periodic discard of artifacts in abandoned structures (Kilby 1998). Four of the five sites with mixed fills are mesa-top habitations, and the mixed fill occurs in the latest kiva on each site. Again, the location of these sites on the fertile mesa-top soils suggests that they might have been used as field houses.

In sum, the examination of artifact density in abandoned pit structures and kivas identifies structures with unusually high artifact densities in strata that otherwise appear to be naturally deposited sediments. In the case of the kivas at Castle Rock, these may be structures that were deliberately filled after a warfare event that coincided with the end of occupation of that site. In other cases, higher artifact density occurs in kivas on mesa-top sites that were abandoned in the middle A.D. 1200s. The high artifact density is interpreted as the periodic deposition of refuse in these abandoned structures. The function of these sites in the larger settlement system probably changed, but their continued use argues for continuity in the occupation of the locality, indicating that community movement occurred at a frequency different from that of household movement.

COMMUNITY SEDENTISM AND MOBILITY IN THE SAND CANYON LOCALITY

In the next step of the analysis, more than 1,500 tree-ring dates from 19 sites are examined to evaluate the length of time that three Sand Canyon locality communities occupied their sustaining locality. The total includes dates from the 13 tested sites and from the intensively excavated sites Sand Canyon Pueblo and Green Lizard. These sites provide the dates for the Sand Canyon and Castle Rock communities. In the Goodman Point community, dates come from the Mustoe Site and the Shields Complex (5MT3807), which were excavated by Gould (1982) and Colorado Mountain College (see Adler 1990:258–261 for a discussion of these excavations). Two additional sites in the Sand Canyon locality also have cutting dates: Gnatsville (5MT1786), located approximately 7 kilometers northwest of Sand Canyon Pueblo (Kent 1991b, 1992), and in Rock Canyon, approximately 4 kilometers northwest of Castle Rock, a small cliff dwelling where Deric O’Bryan collected a sample in the 1940s. For comparison, the exceptional tree-ring record for communities on Chapin and Wetherill Mesas in Mesa Verde National Park are also examined.

The analyses that follow use tree-ring dates differently from the way they are used in most traditional interpretations, in which the focus is on the dating of particular structures and individual sites. Instead, these data are used to determine how continuously trees were being harvested within the spatial confines of a number of particular communities and within the locality used by a few closely spaced communities (cf. Lipe 1995; Schlanger and Wilshusen 1993). Key to the interpretation is the idea that beams were salvaged from abandoned structures and reused in nearby, newly constructed buildings. Stratigraphic evidence from the Sand Canyon locality indicates that roof beams were often salvaged from abandoned structures in the Sand Canyon and Castle Rock communities, and there is ample tree-ring evidence that beam reuse was pervasive in both ancient and historic-period pueblos (Ahlstrom 1985:629; Ahlstrom, Dean, and Robinson 1991; Ferguson and Mills 1988; Robinson 1990). Thus, the dates from a particular building provide information not only on that structure but on earlier wood use as well, and examining all the dates from all sites in a particular community provides a means of evaluating the history of wood use in that community.

With regard to population movement, tree-ring dates are interpreted in the following manner. First, continuity in the occupation of the community is inferred when trees were harvested on a continual basis. Second, the abandonment of a locality and the relocation of a community to a new locality may be indicated by periods with no tree-ring dates. The second interpretation is tentative because it depends in part on having a representative sample of all tree-ring dates from a locality, something we do not yet have.

Interpreting Tree-Ring Data

Both cutting dates and noncutting dates are accurate and precise to the year (Ahlstrom 1985:30–37).6 The precision and accuracy of tree-ring dating is not a problem, but the interpretation of both cutting and noncutting tree-ring dates is subject to error. Interpretations must link the “dated event,” which in the case of cutting dates is the death of the tree, with the “target event,” or the behavior that resulted in the wood’s ending up in the archaeological context in which it was discovered (Dean 1978a). Typically the target event of interest to archaeologists is the construction of a particular structure. Archaeologists propose “bridging events,” such as the cutting down of a tree, to link the dated event with the target event (Dean 1978a:226).

The target event in the analyses that follow is the harvesting of timber, or beam procurement. Bridging events for timber harvesting include cutting living trees and collecting dead wood, but most cutting dates probably reflect the harvesting of living trees rather than the collection of dead wood (Robinson 1967). Collecting dead wood probably does not significantly affect the sample of cutting dates because outside rings would erode from dead wood, producing noncutting dates (Ahlstrom 1985:57). In addition, Robinson (1967) argues that most trees harvested after about A.D. 600 were living, because the stone axes used to fell trees and shape logs are suitable for cutting living timber but not dead wood (see Haury 1935:103; Varien 1984). Thus the target event is usually the same as the dated event, the death of the tree (Ahlstrom 1985:43, 55).

Tree-ring dates are therefore an ideal means for examining the continuity of occupation of Sand Canyon locality communities, because of the precision and accuracy of tree-ring dating and the relatively straightforward bridging arguments that link the dated event and the target event. The following analyses focus only on cutting dates; I have examined the noncutting dates elsewhere (Varien 1997). Analysis of the noncutting dates suggests that communities continuously harvested timbers for even longer intervals than the periods documented by the analyses of cutting dates.7

The Sand Canyon Community

There are 1,022 dates from the Sand Canyon community, one of the three communities in the Sand Canyon locality. These include 296 cutting dates between A.D. 900 and 1300. Most of these dates come from Sand Canyon Pueblo (n = 274, 93 percent), with a smaller portion coming from eight other sites within 2 kilometers of Sand Canyon Pueblo. Figure 6.3 shows these cutting dates by 10-year intervals. These data indicate that trees were harvested continuously between 1190 and 1280, with a small earlier cluster between 1060 and 1090. The large, late cluster is a reflection of the fact that Sand Canyon Project excavations were biased toward sites dating to the 1180–1290 period (Lipe 1992). Therefore, this cluster of dates indicates that the minimum period of continuity for the Sand Canyon community was approximately 100 years, but it does not preclude the community’s having had an even longer period of occupation. A longer history for the community is hinted at by a smaller cluster of dates in the late 1000s from the Pueblo II components at G and G Hamlet and Kenzie Dawn Hamlet, which were stratigraphically beneath the Pueblo III components at those two sites.

The Castle Rock Community

The next largest assemblage of dates comes from the three sites in the Castle Rock community, with 88 cutting dates present. There is a continuous distribution between A.D. 1200 and 1280, and a nearly continuous distribution between 1170 and 1280 (fig. 6.4). The similarity in dates between the Castle Rock and Sand Canyon communities indicates that the two were occupied contemporaneously rather than sequentially. Again, the minimum occupation span for the Castle Rock community is approximately 100 years.
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    Figure 6.3 Sand Canyon community tree-ring cutting dates between A.D. 900 and 1300.
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   Figure 6.4 Castle Rock community tree-ring cutting dates between A.D. 900 and 1300.


The Goodman Point Community

Two excavation projects in the Goodman Point community (Adler 1990:258–261; Gould 1982) produced 38 tree-ring dates, a sample too small to display in a histogram. There are 20 cutting dates, and they indicate that trees were harvested in the 1060s, in the 1129–1150 interval, in the 1170s, and in the 1212–1231 interval. While few in number, these dates suggest that the Goodman Point and Sand Canyon communities were occupied contemporaneously, at least during the 1060s and again in the early 1200s. These dates also hint at a centuries-long occupation history for the Goodman Point community.

SAND CANYON LOCALITY COMMUNITY SEDENTISM

Figure 6.5 is a histogram of all Sand Canyon locality cutting dates (n = 408) between A.D. 900 and 1300. This histogram includes dates from Gnatsville and the cliff dwelling in Rock Canyon. The sample of cutting dates indicates that timber was harvested continuously within the locality throughout most of the 1200s and almost continuously between 1125 and 1275. There is a 30-year period with no cutting dates between 1095 and 1125, and then another cluster of dates between 1025 and 1095.

These cutting dates indicate relatively continuous harvesting of timber in the Sand Canyon locality beginning in the early 1000s and lasting through the late 1200s, when the region was abandoned. This is remarkable considering that the sample includes only 19 sites, that 67 percent of the cutting dates come from a single site, Sand Canyon Pueblo, and that this sample is biased toward late, Mesa Verde-phase sites.

CONTINUITY IN OCCUPATION ON CHAPIN AND WETHERILL MESAS

To compare the Sand Canyon locality with other areas in the region, dates from Chapin and Wetherill Mesas in Mesa Verde National Park were analyzed. There are 566 cutting dates from 55 Chapin Mesa sites in an area of approximately 36 square kilometers extending from Far View House on the north to the head of Pool Canyon on the south. This area was probably used by several communities (Rohn 1977). Grouping these data into 20-year intervals shows a nearly continuous distribution of cutting dates from the late A.D. 500s to the 1280s (fig. 6.6). The majority of dates come from the late cliff dwellings—Spruce Tree House, Balcony House, Oak Tree House, and Square Tower House—which have recently been resampled, producing a strong peak in cutting dates in the 1180 to 1290 period. Looking at just the tree-ring dates from the 900 to 1300 period, there is a nearly continuous distribution of dates between 1010 and 1290, with almost no dates in the 900s, the late 1000s, and the early 1100s (fig. 6.7), which is similar to findings in the Sand Canyon locality.
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    Figure 6.5 Sand Canyon locality tree-ring cutting dates between A.D. 900 and 1300.


For Wetherill Mesa, there are 184 cutting dates from 34 sites located within approximately 10 square kilometers. The distribution of these dates is similar to that of the Chapin Mesa dates, with a nearly continuous distribution except for the late A.D. 600s to early 700s and throughout most of the 900s (fig. 6.8). The period between 900 and 1300 shows a nearly continuous distribution from about 990 to 1290; however, as in the case of the Chapin Mesa dates, there are few Wetherill Mesa dates for the late 1000s to middle 1100s, and there is an additional prominent gap between 1155 and 1175.

SUMMARY: COMMUNITY SEDENTISM AND MOBILITY

These analyses support the interpretation that people in the Mesa Verde region occupied localities for extended periods of time and that communities moved less frequently than households. The analysis of roof treatments documents substantial salvaging of timber from abandoned pit structures and kivas in all periods, suggesting a general continuity in the occupation between the late A.D. 1000s and 1290. This analysis also shows how roof treatment changed during the period immediately before the regional abandonment—the occurrence of timbers as de facto refuse is largely limited to this period. Burned kivas probably indicate an abandonment ritual in some buildings.

The salvaging of timbers from pit structures and kivas before they were burned depended in part on the historical placement of the structures in the larger settlement system: if a structure was abandoned before the regional abandonment, timbers were typically salvaged. Castle Rock Pueblo, however, does not conform well to this general model. It appears to have been abandoned because of a violent episode near the time of the regional abandonment, but the timbers from its kivas appear to have been salvaged, and some kivas may have been deliberately filled immediately following this episode.
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    Figure 6.6 All Chapin Mesatree-ring cutting dates.
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    Figure 6.7 Chapin Mesa tree-ring cutting dates between A.D. 900 and 1300.
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   Figure 6.8 All Wetherill Mesa tree-ring cutting dates.


Analysis of artifact density in pit structure and kiva fills indicates that many mesa-top habitations continued to be used after these particular structures were abandoned. It is possible that these sites continued to be used as field houses after they were abandoned as permanent habitations. Thus, artifact density in abandoned structures also supports the interpretation of continuity in occupation.

Finally, timber was harvested almost continuously throughout the A.D. 1200s in the Sand Canyon community, and similar patterns are present in the Castle Rock and Goodman Point communities. The tree-ring sample from the Sand Canyon locality is biased toward late sites, but there is evidence for periodic harvesting of timbers in the 1000s and 1100s as well. The tree-ring data indicate that these communities were fixed for at least a century, and they could have histories approaching 300 years. Comparative data from Chapin and Wetherill Mesas in Mesa Verde National Park support the interpretation of continuous or nearly continuous occupation of these localities for at least three centuries.

These data convincingly document the relative persistence of occupation in the Sand Canyon locality and on Chapin and Wetherill Mesas. But do they indicate continuity of occupation by a single community? The definition of community developed in this study emphasizes regular face-to-face interaction as determined by the copresence of individuals in time and space. The form and composition of the community cannot help changing over time (for example, with the deaths of particular individuals or with the relocation of particular households), but the continuous occupation of a particular space would produce interaction in the context of copresence that is consistent with what I term a community. The time span documented by the analyses indicates that these conditions were sustained for at least a century, between A.D. 1180 and 1280, and perhaps for as long as three centuries, between the late tenth century and the end of the thirteenth century.

It is possible to argue, given the current state of the data sets described earlier, that localities were repeatedly occupied, abandoned, and reoccupied between A.D. 950 and 1300 and that there was rotating use of localities by completely unrelated communities. I acknowledge this possibility but regard it as unlikely, at least for the Sand Canyon locality and those localities on Mesa Verde that I have examined. I believe the evidence indicates that localities had long and relatively continuous occupations.

Continuous interaction in the context of copresence results in systematized patterns of social relations, or, to use Giddens’s (1984:17) terms, historically derived practices with the greatest time-space extension. These practices can be viewed as institutions. Evidence for the development of such institutions would support the inference that specific communities persisted over time. The next chapter examines sites interpreted as community centers, which provide evidence for the development of institutions and for the persistence of specific communities within the Mesa Verde region.


7

THE SOCIAL LANDSCAPE IN THE MESA VERDE REGION

Up to this point I have reconstructed the frequency of household residential movement and community movement at the scale of the locality. I now turn to population movement at an even larger scale—the region (fig. 7.1)—in order to address a number of issues. First, I examine how the rugged terrain of the Mesa Verde region conditioned movement. Second, I describe the regional social landscape, as inferred from settlement patterns, and evaluate how competition for resources changed through time. Third, I assess the geographic scale of community movement within the region. Finally, I examine the frequency of movement between the Mesa Verde region and adjacent regions.

Three data sets are used in these analyses: (1) settlement pattern data that include every known community center in the Mesa Verde region dating between A.D. 950 and 1300; (2) the physiography of the Mesa Verde region, which displays dramatic ranges in terrain, from mountains and nearly level mesas to valleys and deeply incised canyons; and (3) every tree-ring date from the Mesa Verde region.
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    Figure 7.1 The greater Mesa Verda region showing the area analyzed in chapter 7. The area covered by the digital elevation model is shown in figure 7.2.


MESA VERDE-REGION COMMUNITY CENTERS

Community centers are dense concentrations of residential settlement, often accompanied by public architecture, that occur in the cores of the settlement clusters that compose communities. Data collection on community centers began with a conference at the Crow Canyon Archaeological Center in 1990.1 The settlement data collected for this conference, or portions of these data, have been used in previous analyses of regional settlement (Adler 1990; Adler and Varien 1994; Kelley 1996; Lipe 1994, 1995; Neitzel 1994; Sherman 1995; Varien et al. 1996).

Crow Canyon researchers have continued data collection since the 1990 conference, in part through a community center survey program. This program produced aerial photographs and maps of several large sites, a chronological analysis of pottery, and interpretations of the large sites for nominations to the National Register of Historic Places. In addition to analyzing the sites included in the community center survey, Crow Canyon researchers have continued to visit and revisit the other community centers to verify their size and dating. In preparation for the analyses presented here, nine Mesa Verde-region archaeologists were given a copy of the database and asked to comment on sites in the portion of the Mesa Verde region where they work.2 As a result, the database has grown since the initial inventory, and the documentation of each large site has been refined.

The database contains 134 large sites dating between A.D. 950 and 1300. The 50-room threshold established for the original database has been relaxed to include a few sites with fewer than 50 rooms if they have public architecture. Most community centers with fewer than 50 structures date before 1150 (n = 21); the only small community center that is later than this is Hovenweep Cajon Ruin, which dates to the late 1200s (Thompson 1993).

Two facets of the sites in the data set require some discussion: their dating and their size. The evidence indicates that the community centers had longer occupation spans than did the smaller sites examined in the previous chapters, and the community centers were therefore placed into longer time periods. Centers were assigned to one of four time periods: Period 1 is A.D. 950 to 1050, Period 2 is 1051 to 1150, Period 3 is 1151 to 1225, and Period 4 is 1226 to 1290. Temporal assignments were based on tree-ring dates when available (32 sites; 24 percent). When tree-ring dates were absent, pottery, architecture, and settlement patterns were used to date sites.

Tree-ring dated community centers were used as an independent control to establish the architectural, settlement pattern, and pottery attributes believed to be temporally sensitive. Period 2 community centers include great-house-like architecture (compact, multistoried buildings), typically situated on prominent locations on the mesa tops. The pottery assemblages at Period 2 centers include Mancos Black-on-white as the most common decorated white ware and Mancos Corrugated as the most common gray ware. Period 3 community centers are characterized by clusters of many roomblocks, again located on the mesa tops. McElmo and Mesa Verde Black-on-white are the most common decorated white wares, occurring in roughly equal proportions, and Dolores Corrugated is the most common gray ware. Finally, aggregated villages located in canyon settings characterize Period 4 community centers. At these Period 4 villages, Mesa Verde Black-on-white is the most common decorated white ware, and Mesa Verde Corrugated is the most common gray ware. Pottery analyses range from detailed studies at a few sites where attribute-based seriations were conducted (Ortman 1995) to assessments of which chronologically sensitive traditional types were most common in the surface assemblages.

Community centers were typically assigned to only one period. The only exceptions were sites at which there were spatially discrete buildings with more than 50 rooms that dated to multiple time periods. Only eight large sites met these criteria.3 Treating most centers as single-component sites is considered a conservative approach because pottery, and sometimes tree-ring dating, indicates that most large sites were occupied in more than one period.4 By focusing only on communities with large sites, and by assigning these large-site communities to only one period, the analyses that follow do not “overfill” the Mesa Verde-region social landscape.

The precision of the size estimates varies according to data collection methods and site preservation. Some large sites were mapped with surveying instruments, others were sketch-mapped, and still others have size estimates based on information available in archival records or on personal observations. Most large sites have relatively clear surface expressions, allowing us to estimate the area of rubble and the number of kiva depressions. There are probably few or no sites with more than 200 structures that remain unknown. There may, however, be several smaller community centers—especially those of between 50 and 100 rooms—that have yet to be included.

The community centers used in the analyses that follow are the largest and longest-lived sites in the Mesa Verde region. Surveys in southwestern Colorado and southeastern Utah have also recorded tens of thousands of small sites with shorter occupations that date between A.D. 900 and 1300. Surveys indicate that the large community centers are typically surrounded by clusters of smaller residential sites (Adler 1990; Fetterman and Honeycutt 1987; Neily 1983; Rohn 1977). Even in the final period of Mesa Verde-region occupation, when settlement patterns were most aggregated, there were a few small residential sites in the areas surrounding the large villages (Varien 1998).

The relationship between community centers and the surrounding smaller sites is evaluated by comparing the locations of the community centers in a particular time period with the location of every other site with a tree-ring cutting date from the same time period. In general, the small, tree-ring-dated sites are spatially associated with larger community centers. But there are some areas in which small sites are not associated with a larger center, indicating that there were probably some communities composed entirely of small sites. In addition, not all small sites occur in well-bounded clusters. Thus, the model that follows, in which a community consists of a community center and an associated cluster of small sites, is only one settlement configuration present in the Mesa Verde region.

The community centers examined in this analysis are associated with some of the most persistent communities in the Mesa Verde region, and as such may have been especially important nodes in the regional landscape. A detailed analysis of the use of individual centers is beyond the scope of this study, but previous research supports the interpretation that these sites were particularly important as ritual and economic centers (Adler 1990, 1994; Bradley 1988, 1993; Driver 1995; Martin 1936; Varien et al. 1996). Thus, the community centers analyzed here represent only one portion of the regional settlement system, but they were a crucial element of the Mesa Verde-region social landscape.

THE CHANGING FACE OF THE MESA VERDE-REGION COMMUNITY

Crow Canyon researchers have summarized important changes in the settlement patterns of Mesa Verde-region communities between A.D. 950 and 1300, including data on the population size and spatial scale of these communities (Adler 1990; Adler and Varien 1994; Lipe 1992; Varien et al. 1996). Their model, which builds on the work of many Mesa Verde-region archaeologists (Eddy 1977; Eddy, Kane, and Nickens 1984; Fetterman and Honeycutt 1987; Neily 1983; Rohn 1977), draws on a case study of community organization in the Sand Canyon locality (Lipe 1992) and relies on cross-cultural research on community organization (Adler 1990).

In discussing these settlement patterns, I emphasize modal tendencies. These patterns have been documented by every intensive survey conducted in the Mesa Verde region (Adler 1990; Fetterman and Honeycutt 1987; Greubel 1991; Hayes 1964; Neily 1983; Rohn 1977), and similar patterns have been reported elsewhere on the Colorado Plateau (e.g., Duff 1994; Fowler and Stein 1992; Fowler, Stein, and Anyon 1987; Kintigh 1985, 1996; LeBlanc 1978). These robust patterns provide the context for the analysis of community centers that follows.

Settlement Organization

Previous studies of community organization in the Mesa Verde region relied almost exclusively on the clustering of residential settlements to define community boundaries. Following Linton (1936) and Murdock (1949), communities were seen as local groups for whom the spatial proximity of households allowed individual community members to have regular face-to-face contact. These studies reveal an important aspect of Mesa Verde-region settlement patterns: residential sites are clustered at a number of levels, and different researchers have used various levels of clustering to define community boundaries (cf. Adler and Varien 1994; Dykeman and Langenfeld 1987; Eddy 1977; Fetterman and Honeycutt 1987; Neily 1983; Rohn 1977; see also Lipe 1994 for a discussion of multicommunity clustering).

Which level of settlement clustering represents a community? Adler’s cross-cultural research helps answer this question. He found that the sizes of communities in politically nonstratified societies are typically below 1,500 people (Adler and Varien 1994). Other research on this issue places the upper limit somewhat higher, between 2,000 and 2,500 inhabitants (Forge 1972; Kosse 1990, 1992; Lekson 1984, 1988). Adler (Adler 1989; Adler and Wilshusen 1990) also found that public architecture was used by groups larger than households for ritual and other types of activities, and that public buildings used by entire communities had the largest floor areas and the highest degree of specialized use of any buildings in nonstratified societies. Adler (1990, 1996b) also examined the role of communities in the context of larger regional systems, finding that communities were critical in the perpetuation of access to resources by community members. Finally, Adler’s cross-cultural research documented that ethnographic communities exhibit a wide range of settlement patterns, from widely dispersed to tightly aggregated.

Drawing on this body of cross-cultural research, Adler and Varien (1994) combined the spatial clustering of residential sites and the presence of public architecture to identify community boundaries. On the basis of these criteria, they identified two communities in the upper Sand Canyon locality—the Sand Canyon and Goodman Point communities—which, despite changing settlement patterns, could be recognized throughout the A.D. 1000 to 1300 period. This model, in which communities consist of a community center and an associated cluster of residential settlement, is applied in the analyses that follow.

Period 1 Communities: A.D. 950 to 1050

The A.D. 900s remain the least understood century in the Puebloan culture history of the Mesa Verde region. There is a growing consensus, however, that there was a significant abandonment or depopulation of the central Mesa Verde region sometime between 880 and 1000 (Schlanger and Wilshusen 1993; Varien 1994, 1997; Wilshusen and Schlanger 1993). It also appears that Cedar Mesa in the western Mesa Verde region was largely abandoned during this period (Matson, Lipe, and Haase 1988:247). The timing of both the migration out of the Mesa Verde region and its subsequent resettlement is an important problem for future research, but currently it appears that migration out of the central Mesa Verde region began in the late 800s, with resettlement after 950. This migration did not result in the complete abandonment of the region, but a substantial depopulation did occur.5

In the Sand Canyon locality in Period 1 (A.D. 950–1050), population density was low, settlement was dispersed, and residential sites each consisted of a small roomblock with a single pit structure or kiva; the average size for habitation sites is six rooms (Adler 1990:232). The recurring association of a pit structure or kiva with a roomblock and a trash area is representative of Prudden’s (1903) “unit type pueblo” (see also Lipe 1989:55), and each kiva unit is interpreted as the residence of a single household.

Settlement clusters that form both the Sand Canyon and Goodman Point communities can be recognized in this period (Adler and Varien 1994:89). Residential sites cluster within each community, and the density of habitations declines noticeably in the area between the two clusters (Adler 1990:244–252, 1992:18; Adler and Varien 1994:89). Using the area of sparser settlement as the boundary between these two communities, each settlement cluster has a radius of approximately 2 kilometers (Adler and Varien 1994:86). Period 1 residential architecture consisted of earthen buildings, and a reasonable estimate for the use-life of an earthen residential site is 20 years. Using this use-life estimate, the average momentary population in the entire upper Sand Canyon survey area was between 70 and 160 people (Adler 1990:232, 1992:13), with each community having been between 35 and 80 people.6

In the Sand Canyon community, the Period 1 small residential sites cluster around a great kiva (Adler 1990). There is no known public architecture in the Goodman Point community; however, public architecture in this period is extremely rare. As discussed in the analyses that follow, the only other Period 1 great kiva is associated with a settlement cluster along the Mancos River.

Period 2 Communities: A.D. 1051 to 1150

Communities remained dispersed and residential sites consistently small between A.D. 1051 and 1150. Sand Canyon locality habitation sites averaged eight rooms (Adler 1990:232). Dispersed settlement of small sites is documented throughout the Mesa Verde region, including Cedar Mesa, where occupation resumed in Period 2 (Matson, Lipe, and Haase 1988). Indeed, the pattern of dispersed settlement has been documented throughout the northern Southwest (Lipe 1978:370). But, as Lekson (1991:52) has pointed out, it is a misconception to think of Pueblo II settlement patterns as evenly dispersed. Instead, these small residences form larger clusters, with relatively empty areas between clusters.

Small residential sites in Period 2 typically cluster around a larger site. The settlement clusters represent a pattern that Lekson (1991) aptly described as many “small bumps” clustered around a “big bump,” or great house. He argued that the small site-big site clusters represented communities, and he used the geographic distribution of these communities to map the extent of the Chacoan regional system.

A few Mesa Verde-region sites are consistently labeled Chacoan great houses (Judge 1991:17; Marshall et al. 1979; Powers, Gillespie, and Lekson 1983).7 The large-site reconnaissance undertaken by Crow Canyon researchers has identified 36 community centers dating to Period 2; few of them, however, display all the attributes of Chacoan great houses. Lekson (1991:36) has commented on the wide variation present in great-house architecture, arguing that the only consistent attribute is that they are large relative to surrounding contemporaneous sites. Because there are no excavation data from most of these sites, the relative difference in size is the only attribute shared by all the Mesa Verde-region community centers in Period 2. Little is known about the relationship between these centers and the smaller sites, and less is known about the relationship between the Mesa Verde-region communities and Chaco Canyon. For the analyses that follow, it is enough to know that these centers are consistently associated with smaller residential sites.

The Sand Canyon and Goodman Point communities continue as distinct settlement clusters in Period 2. The Sand Canyon community contains a great house, Casa Negra. There may be a Period 2 great house and great kiva near the center of the Goodman Point community, but excavation is needed to determine whether this is the case. There is also an ancient road running between Casa Negra and the center of the Goodman Point community, where the possible great house and great kiva are located (Adler 1994:98). The geographic scale of these communities remains the same, but population grows to about 125 persons in each community (Adler 1990:232, 1992:13).

Period 3 Communities: A.D. 1151 to 1225

In the Sand Canyon locality, the main change in settlement pattern during Period 3 is an increase in settlement clustering (Adler 1990:264–270). Two types of clustering are present: (1) household clustering, in which increasing numbers of households aggregate into a single roomblock with an associated kiva or kivas; and (2) settlement clustering, in which several of these individual roomblock-kiva complexes are grouped together, often much less than 100 meters apart. Adler (1990:267) labeled these tightly clustered sites “multiroomblock settlements.” This trend toward larger and more closely spaced residences holds true for only some sites; small, relatively isolated habitations are still present during this period. The average number of rooms at habitation sites in Period 3 increases to 13, but the standard deviation is 10 rooms as a result of the disparity in site size (Adler 1990:267; Adler and Varien 1994:85).8

Forty-four large sites are interpreted as community centers for Period 3. All are multiroomblock sites containing more than 50 rooms. Considerable variation exists among multiroomblock complexes; some contain one building that is larger than the other buildings in the complex.9 The larger buildings may be analogous to what have been called post-Chacoan great houses in the Zuni region (Fowler and Stein 1992; Kintigh 1994, 1996; Kintigh, Howell, and Duff 1996). Size differentiation among the roomblocks is less pronounced at other multiroomblock centers. All multiroomblock centers are accompanied by a cluster of smaller residential sites. Thus, the small bump-big bump settlement pattern of Period 2 continues in a modified form in Period 3.

In the Sand Canyon locality, the geographic scale of the settlement clusters composing the core of the Sand Canyon and Goodman Point communities remains approximately the same. Population growth continues, and estimates for the size of each community range between 175 and 350 people (Adler 1990:232, 1992:13).

Period 4 Communities: A.D. 1226 to 1290

Two dramatic changes in settlement patterns took place during Period 4. First, the location of most residential sites changed. In previous periods, most residential sites were located on mesa tops where they were associated with deep, aeolian soils. In contrast, residential sites in Period 4 were predominantly in or near canyon environments. Second, large, tightly aggregated villages were common in this period, and the majority of the members of each community appear to have been living in these aggregated villages. These changes are documented through survey and testing in the Sand Canyon locality (Adler 1990, 1992; Varien 1998; Varien, Kuckelman, and Kleidon 1992) and by every other survey in the central Mesa Verde region.

In the upper Sand Canyon survey area, settlement aggregated into two large villages: Sand Canyon Pueblo and Goodman Point Pueblo. These two large sites exhibit features shared by many of the other large villages of this period: they are completely or partially surrounded by a low enclosing wall; they are bisected by a drainage; they surround or are adjacent to a spring; and they contain public architecture. Each village has more than 400 total structures, and each may have housed between 225 and 400 individuals.

The dramatic changes in settlement pattern that characterize this period make large sites particularly easy to identify. Fifty-nine Period 4 villages have been recorded throughout the Mesa Verde region. On Mesa Verde proper, the larger sites are the cliff dwellings for which Mesa Verde National Park is famous, although there are hundreds of smaller cliff dwellings on Mesa Verde as well. Beyond Mesa Verde, large sites occur in many locations; most common are villages in which some of the structures are on the canyon rim and the remainder are scattered on the talus slope below the rim. Architectural differentiation is present in most of these large sites, with some buildings being larger and more substantial than others. The big bump-small bump settlement pattern of previous periods is still present, albeit within a tightly aggregated site layout.

THE MESA VERDE-REGION SOCIAL LANDSCAPE

Describing the social landscape is critical to evaluating the factors that affected mobility strategies. If resource depletion stimulated mobility, there must have been an adequate amount of undepleted, unclaimed territory to which groups could move once they depleted their local resources. There must also have been adequate time for resources to regenerate in depleted localities before they were reoccupied. The geographic scale of community movement is particularly important in evaluating whether or not environmental deterioration stimulated population movement; groups would have needed to move far enough to encounter different environmental conditions if environmental change caused population movement. Finally, regional population density affects competition for resources and intensification of subsistence economies, which are important social factors conditioning mobility.

I begin by describing the procedures used in the geographic information systems (GIS) analyses. Next, cross-cultural research on population movement is summarized. Finally, the analyses of the Mesa Verde-region community centers are presented. Several use the physiography of the Mesa Verde region as data, which is important for three reasons. First, it takes into consideration how the rugged terrain of the Mesa Verde region shaped community interaction and boundaries. Second, it provides a realistic assessment of the sizes of community catchments and the distances between communities that were occupied during the same period. Finally, it permits a more realistic assessment of the scale of community movement between periods.

The GIS Analyses

Site distributions have traditionally been analyzed in two-dimensional space—for example, by constructing Thiessen polygons around sites. Thiessen polygons might be appropriate for relatively flat and featureless terrain, but the extremely rugged physiography of the Mesa Verde region renders two-dimensional analysis problematic. Physiography is incorporated into the analyses of the Mesa Verde-region social landscape by constructing cost-based polygons and cost-based catchment areas around each community center and by analyzing the geographic scale of population movement in cost-equivalent distance.

Each step of the GIS analysis has been detailed elsewhere (Varien 1997: Appendix B), and only a general outline is provided here. Calculating distance that incorporates the frictional effect of the rugged terrain was accomplished using a digital elevation model (DEM) of the Mesa Verde region. A DEM is an electronic, raster-based elevation map in which elevation data are recorded for each 30-by-30 meter pixel. The DEM for the study area measured approximately 167 kilometers east-west and 84 kilometers north-south (approximately 100 by 50 miles), or 14,022 square kilometers (5,000 square miles). Figure 7.2 illustrates this DEM using a gray-scale palette in which increasing lightness of shading indicates higher elevation.

The next step was the creation of a friction surface, which evaluates how variable terrain affects the cost of moving across that terrain on foot. The formula for calculating this friction surface was taken from Hill (1995, n.d.), and it measures the energy it takes to walk across variable terrain. The friction surface contains a value for the energy required to walk across each pixel of the study area.

The next step was creating cost surfaces for each period, obtained by overlaying community centers from Periods 1 through 4 on the friction surface. The cost surface for each period measures the energy required to walk out from each community center until a pixel that is closer to a neighboring center is reached. The cost surface for each period was used to construct the cost-based polygons and catchment areas associated with each community center and to document the geographic scale of community movement by identifying the “cost-equivalent distance” between a community center in one time period and its nearest neighbor in the subsequent time period.

The concept “cost-equivalent distance” accounts for the fact that crossing a deep, 1-kilometer-wide canyon, for example, consumes much more energy than does walking 1 kilometer across nearly level terrain. The friction surface was used to calculate cost-equivalent distance by taking into account the energy used in walking across the region’s rugged terrain. A cost-equivalent kilometer was calculated on the basis of the energy required to travel 1 kilometer on a 2-percent grade; this energy value was used as the standard for 1 cost-equivalent kilometer. Thus, a cost-equivalent kilometer on terrain greater than a 2-percent grade is shorter than an actual kilometer. Incorporating cost-equivalent distance is important because the ease or difficulty of walking between centers would have had a direct effect on social interaction within and between centers and on the sizes of the catchment areas surrounding the centers.10
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    Figure 7.2 Digital elevation modelof the study area.


Cross-Cultural Data on Population Movement

Many studies have examined the relationship between resource exploitation and the distance traveled to acquire those resources (Arnold 1985:32; Chisholm 1970:131; Roper 1979:120). A basic assumption of these studies is that energy expenditure is related to the distance to the resource. Cross-cultural analyses establish that the cost of travel is indeed an important consideration when people walk to either natural or social resources. The speed of foot travel has been measured to be between 3 and 5 kilometers per hour (Arnold 1985:34; Drennan 1984; Stone 1991b:347). Using these figures, the Sand Canyon and Goodman Point settlement clusters, each of which has a radius of roughly 2 kilometers, could have been traversed in less than an hour. A 2-kilometer radius therefore conforms to the assumption that communities are places where community members engage in regular, face-to-face interaction.

Cross-cultural studies of agricultural communities support the interpretation that a 2-kilometer radius is a reasonable estimate for the size of the area most regularly used and the area of most intensive cultivation. Arnold (1985:34) and Stone (1991b, 1992) have summarized these studies, including Chisholm’s Rural Settlement and Land Use (1970), perhaps the most influential study of movement among agriculturalists. Chisholm focused on the distances farmers walked to fields from a nucleated settlement, concluding that distances of less than 1 kilometer were commonly traversed and that these short-distance trips had little effect on farmers’ decisions about movement. Farmers did, however, try to limit trips to less than 2 kilometers, and 3 to 4 kilometers was an upper threshold for how far farmers would walk from their residence to an intensively cultivated field. Any cultivation beyond this distance required modification of the settlement system (e.g., the adoption of field houses).

Stone (1991b) addressed this question by examining the movement of Kofyar farmers. His study not only quantified movement more rigorously than did Chisholm’s classic study but also measured the movement of farmers living in dispersed, as opposed to nucleated, communities. Whereas Chisholm was concerned with the distances farmers walked from residence to field, Stone measured the distances farmers traveled to be a part of cooperative agricultural work groups. Despite differences in settlement pattern and the motivation for movement, Stone documented distance thresholds similar to those reported by Chisholm. Stone found that Kofyar farmers typically limited travel to 700 meters when taking part in agricultural work groups. Travel beyond 700 meters was less frequent, and 2 kilometers was an effective upper limit on how far people would go in order to participate in agricultural work parties (Stone 1991b:347, 1992:166). Stone’s research therefore provides general support for a 2-kilometer radius as a range within which the most intensive cultivation occurs and the area of regular interaction among community members.

Finally, an archaeological case from the Mesa Verde region supports the interpretation that a 2-kilometer radius is an appropriately sized catchment for the zone of most intensive cultivation. Kohler and others (1986) examined the distance between habitations and fields for the settlements studied by the Dolores Archaeological Program. They concluded that the maximum one-way distance between habitations and fields, averaged for all households, was 1.7 kilometers in the A.D. 880–920 period (Kohler et al. 1986:536). Distances were greatest during the period when people were living in aggregated villages and traveling farthest to fields. In other periods, when settlement was more dispersed, the distance from habitations to fields was less, with a minimum average one-way distance of 0.24 kilometer in the A.D. 600–720 period.

Chisholm’s study indicates that catchment areas for more extensive agriculture can exceed this 2-kilometer threshold for intensive cultivation. Along these lines, Arnold (1985:34) summarizes studies from around the world and reports that the fields of subsistence agriculturalists are regularly exploited when they are within a 3- to 5-kilometer radius from a residence, and a distance of 7 to 8 kilometers is the maximum distance that people regularly travel to fields. Puebloan agricultural catchments may have been on the upper end of this range. Bradfield (1971:21) acknowledges that Hopi farmers traveled great distances to fields in the historic period but argues that traveling long distances to fields was feasible only after the introduction of burros. He presents an argument that the distance to fields would have been limited to approximately 7 kilometers before the introduction of the burro.

Arnold (1985:51–56) reports similar-sized catchments for resource procurement for pottery manufacture. Using cross-cultural data, he found that 7 kilometers was an upper limit for the distance traveled to obtain raw clay, 6 to 9 kilometers for obtaining temper, and 10 kilometers for obtaining glaze, slip, and paint resources. Even among highly mobile foragers, there are limits to the distance traveled on foot to obtain resources on a regular basis. Lee (1969:61), for example, reports that!Kung huntergatherers regularly travel no more than 10 kilometers from a residential camp to obtain resources.

A final consideration is that the large sites and public architecture analyzed here may represent centers of religious and economic activity and may have been visited by people from more distant locations. A day’s travel on foot can be estimated at 36 kilometers (Drennan 1984; Wilcox 1996). Traveling to and from one of these centers in a day would therefore be limited to an area with a cost-equivalent radius of 18 kilometers, the area from which the center could be visited on a relatively regular basis.

Distance and travel time clearly condition resource use and interaction. Three areas provide a useful heuristic means of evaluating the distribution of community centers. The area of most intensive cultivation and regular interaction among community members is approximated by a 2-kilometer cost-equivalent radius (13 square kilometers on perfectly flat terrain). A 7-kilometer cost-equivalent radius (154 square kilometers on flat terrain) approximates an area in which wild food and nonfood resources were gathered on a regular basis and an area of more extensive agriculture. Finally, a catchment in which people could have traveled to and from a center in one day’s walk is estimated by an 18-kilometer radius (1,018 square kilometers on flat terrain).

Community Centers and Polygons

In this study, polygons are constructed around community centers straightforwardly: each polygon surrounds a particular community center and encloses the land that is closer to this community center than to any other. In defining the boundaries between polygons, distance is measured in terms of cost-equivalence. In the analyses that follow, the centers are listed beginning with those in the southeast and moving to the west, and the areas within polygons are measured in square kilometers without considering the cost-equivalent distance.

There are 36 community centers in Period 2 (table 7.1). Figure 7.3 illustrates how the polygon boundaries around these centers are shaped by major topographic features—something that becomes more pronounced in subsequent periods. Polygon boundaries in the western portion of the region are shaped by Comb Ridge, which in places rises 1,000 feet (305 meters) above Comb Wash. Between Comb Ridge and McElmo Creek, polygon boundaries are shaped by a series of deeply incised canyons. South of McElmo Creek, Ute Mountain affects the boundaries of the surrounding community centers, and the precipitous north rim of Mesa Verde (approximately 1,700 feet [520 meters] high) also contributes to the shape of polygon boundaries.

    
    Table 7.1 Period 2 Community Centers and Associated Polygons

    [image: ]


    
    [image: ]

    Figure 7.3 Polygons for Period 2 community centers. 


The same major physiographic features shape polygon boundaries for the 44 community centers identified for Period 3 (table 7.2, fig. 7.4), and this effect is even more pronounced for the 59 community centers in Period 4 (table 7.3, fig. 7.5). In Period 4, the north rim of Mesa Verde defines polygon boundaries for all of the communities in Mesa Verde National Park. Sleeping Ute Mountain separates the community centers south of it (Moqui Spring Pueblo and Cowboy Wash) from those to the north. Many of the polygon boundaries between McElmo Creek and Squaw Mesa follow the northeast-to-southwest-trending canyons in this area, and farther west, in southeastern Utah, polygon boundaries are shaped by the north-south-trending canyons in that area. Finally, the polygon boundary on the west end of the study area runs along Comb Ridge. These polygons show how major physiographic features impede pedestrian movement, a factor that presumably played a role in shaping the social landscape and interaction in the Mesa Verde region.

The polygons also illustrate how settlement became more clustered through time. Community centers are relatively evenly spaced in Period 2 but become more clustered in Period 3,11 and clustering is even more pronounced in Period 4.12 This results in a decrease in the sizes of polygons in the central Mesa Verde region through time. Table 7.4 summarizes the data on polygon size. The mean size of all polygons decreases through time because the number of polygons increases, but the range of polygon size increases through time. This pattern is highlighted by contrasting the polygons defined entirely by surrounding community centers with those that have boundaries defined by the edge of the study. The percentage of polygons with boundaries defined by other sites increases steadily through time, and the sizes of these polygons decrease substantially through time. On the other hand, polygons for which one or more boundaries are defined by the edge of the study area increase in size through time.

These data illustrate two general characteristics of the changing social landscape in the Mesa Verde region: (1) community centers became more closely spaced in the central Mesa Verde region (Lipe 1995:143),13 meaning that there would have been greater competition for resources in this central area; and (2) the large-site communities of the Mesa Verde region became increasingly isolated from large-site communities in surrounding regions. Analyzing the catchment areas associated with each community center illustrates these changes in greater detail.

    
    Table 7.2 Period 3 Community Centers and Associated Polygons
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COMMUNITY CENTER CATCHMENTS

Figures 7.6 through 7.9 illustrate the changing social landscape in the Mesa Verde region by showing the 2-, 7-, and 18-kilometer cost-equivalent catchments around each community center in Periods 1 through 4. Following the model of the Sand Canyon locality, the cost-equivalent 2-kilometer radius is the core of each community. This catchment is the zone of densest residential settlement, the zone with the most frequent interaction among community members, and the zone of most intensive agricultural activity. Within the 2-kilometer catchment, community members had to allocate access to one of the most valuable natural resources: arable land. This 2-kilometer cost-equivalent catchment approximates the community boundary defined as the area where there was regular interaction and shared access to land for the most intensive agriculture.
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   Figure 7.4 Polygons for Period 3 communitycenters.
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    Figure 7.5 Polygons for Period 4 community centers.


    
    Table 7.3 Period 4 Community Centers and Associated Polygons
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Community members undoubtedly negotiated economic and social relationships outside of this core area. The 7-kilometer radius includes agricultural lands that may have been less intensively cultivated than fields in the 2-kilometer zone, and it includes the area from which wild resources were regularly obtained. Thus, community members who lived within the 2-kilometer cost-equivalent catchment shared access to resources in the 7-kilometer cost-equivalent catchment. There almost certainly are residential sites in the 7-kilometer zone, but the greater size of this catchment would have served to limit the regular face-to-face interaction between people living in this area. Additional research is needed to determine whether households living in the 7-kilometer zone were integrated into or differentiated from the communities defined by each community center and its 2-kilometer cost-equivalent boundary.

    
    Table 7.4 Summary Descriptive Statistics for Cost-Based Polygons for Community Centers in All Periods
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The 18-kilometer cost-equivalent catchment encompasses the one-day, round-trip walking distance that surrounds each community center. This catchment enables us to visualize the connectedness and potential for interaction between centers and their associated core communities in the Mesa Verde-region settlement system. It also encompasses the buffer zone surrounding the more heavily used area around each community center or group of community centers. Finally, this catchment illustrates the degree to which the large-site communities of the Mesa Verde region became increasingly isolated from large sites in surrounding regions.
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    Figure 7.6 Period 1 community centers and their 2-, 7-, and 18-kilometer cost-equivalent catchments.
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    Figure 7.7  Period 2 community centers and their 2-, 7-, and 18-kilometer cost-equivalent catchments. 
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   Figure 7.8 Period 3 community centers and their 2-, 7-, and 18-kilometer cost-equivalent catchments.
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   Figure 7.9 Period 4 community centers and their 2-, 7-, and 18-kilometer cost-equivalent catchments.


    
    Table 7.5 Areas of Cost-Based Catchments for Period 1 Communities
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    Note: Radius = cost-equivalent radius.


Catchment Overlap

For Period 1, there are only two sites at which public architecture has been documented and no sites with more than 50 structures. The two public buildings are the great kiva in the Sand Canyon locality and a great kiva at site 5MT2350, at the confluence of Ute, Grass, and Mancos Canyons.14 Only two great kivas are known for this period, but it is clear that there were more than two Period 1 communities. Virtually every intensive survey in the central Mesa Verde region has identified residential sites dating to the early A.D. 1000s (Adler 1990; Fetterman and Honeycutt 1987; Greubel 1991; Hayes 1964; Neily 1983; Rohn 1977; Smith 1987), and residential sites with tree-ring dates in the early 1000s have been excavated. Areas for the catchments of Period 1 communities appear in table 7.5.

When adjusted for the energy it takes to walk over variable terrain, the areas of these catchments are considerably smaller than the areas of circles with actual 2-, 7-, and 18-kilometer radii (13, 154, and 1,018 kilometers, respectively). This is because the terrain surrounding the Mancos Canyon great kiva, which is located in the bottom of Mancos Canyon, is much more difficult to traverse than the area surrounding the Sand Canyon locality great kiva, which is located on a relatively level mesa top. These catchment areas illustrate how physiography affects the social landscape in the region and how the catchment overlap documented for Periods 2 through 4, by taking physiography into account, actually presents a conservative estimate for the increasing competition for resources in the area.

Visual inspection of figures 7.6 through 7.9 shows how the community catchments increasingly overlap through time; this overlap is quantified by measuring the total area in each of the catchment zones (table 7.6). There was a modest increase in the total area within the 2-kilometer cost-equivalent radii of community centers through time, owing to the increasing number of community centers in Periods 2 through 4. But when that total area is divided by the number of centers, the average area within the 2-kilometer zones actually decreases through time. This reduction is due to the increasing overlap of the 2-kilometer catchments around community centers. This overlap could result only in increasing competition for the resources in these areas.

    
    Table 7.6 Areas of Cost-Based Catchment Zones Surrounding Community Centers in the Mesa Verde Region
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    Note: Radius = cost-equivalent radius.


The same trend occurs in the cost-equivalent 2- to 7-kilometer catchment zones. The overlap is so substantial that in spite of the increase in the number of community centers through time, there is only a slight rise in the total area of the 2- to 7-kilometer catchment zones between Periods 2 and 3, and the figure actually drops between Periods 3 and 4. The increasing overlap of catchment zones is also reflected in the dramatic decrease in size shown when the total area in the 2- to 7-kilometer zones is divided by the number of community centers in each time period. Again, this could only result in increased competition for resources in these areas.

The trend is even more dramatic for the 7- to 18-kilometer cost-equivalent catchments: there the catchment overlap is so substantial that the total area in these zones drops in every period. In contrast, the peripheral area lying outside the 18-kilometer catchment zones of the large-site settlement system became larger through time. These data illustrate that the large-site communities within the central Mesa Verde-region settlement system became more closely spaced through time. Simultaneously, the large-site settlement system became increasingly isolated from peripheral small-site communities in the Mesa Verde region and from the large-site communities in adjacent regions.15

Community Clusters

The increasing overlap of community catchments, particularly the 2-kilometer catchments, produced clusters of several closely spaced community centers, for which there are at least three possible interpretations. First, they may represent sequential occupations and, therefore, the short-distance movement of community centers during a single period. Second, they may represent contemporaneously occupied communities that were independent but closely related, given their proximity and potential for regular interaction. Third, they may represent a distinct category of community within the Mesa Verde-region social landscape: contemporaneously occupied macrocommunities organized around multiple community centers.

Community centers in Period 2 are relatively evenly spaced (figs 7.3 and 7.7), but there are three notable exceptions: the Lake View group (Wallace, Haynie, and Ida Jean Ruins), the cluster of sites around Lowry Pueblo (including Lowry, North Lowry, and Casa de Valle), and the Dolores group, consisting of Escalante, Reservoir, and Emerson Ruins. In all areas, three community centers are located less than 1 kilometer apart. Available evidence indicates that some of the centers in these clusters were sequentially occupied but that others were contemporaneously occupied.16 These clusters of community centers may have played a different role in the regional social landscape than the other first-order communities in the region.

Overlap of the 2-kilometer cost-equivalent catchments is still limited in Period 3, but there are five multicommunity clusters (fig. 7.8).17 These appear to be community centers that were occupied contemporaneously, and they may be organizationally different from the other first-order communities in Period 3.

Overlap of the 2-kilometer catchments increases dramatically in Period 4 (fig. 7.9). On Mesa Verde this includes the Chapin Mesa cluster (four community centers) and the Wetherill Mesa cluster (seven community centers). There are six multicommunity centers (composed of 17 centers in all) in the area between McElmo Creek and Montezuma Creek, and one in southeastern Utah (composed of two community centers).18

Determining the social, economic, and political organization of these multicommunity clusters and how it might differ from that of the other first-order communities in the region is beyond the scope of this study. However, the overlapping catchments in these multicommunity clusters would have resulted in increased competition for resources within this area. Individuals living in these communities would have had to negotiate their access to resources not only with members of their own first-order community but also with members of adjacent communities. In addition, the distance to more extensively used resources areas—the 7-kilometer catchments—was greater, and the total area in the 7-kilometer catchments was smaller. The increased competition for resources could have resulted in conflict or the development of new mechanisms for cooperation and sharing of resources. Increased population density would have reduced the options for residential mobility within these areas. Increased competition and reduced options for residential movement might have contributed to the intensification of subsistence economies and the development of more formal systems of land tenure.

COMMUNITY CENTERS AND TREE-RING-DATED SITES

The distribution of community centers for each period, along with the distribution of all sites with tree-ring cutting dates from that period, is examined next, in order to evaluate how the large-site settlement system compares with the locations of smaller sites.

Period 1 Tree-Ring-Dated Sites

7.10 illustrates the distribution of the 33 sites with cutting dates that fall into Period 1, including the Mancos Canyon community center. Ten sites have cutting dates in the A.D. 950 to 999 interval, and 22 date between 1000 and 1049. These small, dispersed sites were parts of communities that either had no public architecture or, quite possibly, had public buildings that have not been located and recorded. Figure 7.10 illustrates a pattern that characterized settlement in the subsequent periods: there is a cluster of dates from sites on Mesa Verde and another cluster in the area between Yellow Jacket and Cross Canyons. These areas are densely settled zones in the periods that follow. Further, the distribution of sites with tree-ring cutting dates in Period 1 suggests that some Period 2 communities developed in preexisting communities.

Period 2 Tree-Ring-Dated Sites

There are 75 sites with cutting dates that fall in Period 2, including 8 of 36 community centers (fig. 7.11). In addition, nine sites with cutting dates from Period 2 become community centers in the subsequent periods, indicating that construction of these later community centers began in Period 2 or, perhaps more likely, the later community centers were constructed with timbers salvaged from earlier buildings located within the community. In either case, these cutting dates indicate that Period 2 communities were located near these Period 3 centers, demonstrating the persistence of occupation in these localities.
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    Figure 7.10 Period 1 community centers and sites with tree-ring cutting dates.


    
   [image: ]

   Figure 7.11 Period 2 community centers and sites with tree-ring cutting dates.  


Figure 7.11 illustrates a general pattern that holds for each of the subsequent periods. The distribution of tree-ring-dated, mostly small sites is largely coterminous with the distribution of large community centers. The exception is in southeastern Utah, especially in the area west of Comb Ridge. There, many small sites are located substantial distances from known large community centers, indicating that some communities in this area consisted entirely of small sites or that their community centers have not been found.

Period 3 Tree-Ring-Dated Sites

Figure 7.12 illustrates the distribution of all sites, large and small, with Period 3 cutting dates along with the Period 3 community centers. Seven of the 77 sites that have cutting dates are Period 3 community centers. Ten sites with cutting dates from Period 3 are also Period 4 community centers, indicating there were Period 3 communities in the vicinity of the Period 4 community centers and demonstrating community persistence in these localities (compare fig. 7.12 with fig. 7.13). As in Period 2, the distribution of sites with Period 3 tree-ring cutting dates is basically coterminous with the distribution of community centers, except west of Comb Ridge, where there are many small sites with no known large community center nearby.

Period 4 Tree-Ring-Dated Sites

Figure 7.13 illustrates the distribution of all sites with Period 4 cutting dates and the distribution of Period 4 community centers. There are only 65 large and small sites with cutting dates, despite the fact that there are many more cutting dates for Period 4 than for all the earlier periods (53 percent of all cutting dates between A.D. 900 and 1300 come from Period 4 sites). Twelve of the sites with Period 4 cutting dates are community centers. Two Period 3 community centers, Lion House and Far View House in the Mesa Verde area, have cutting dates from Period 4 as well, indicating they were not fully abandoned during this period.

In the central Mesa Verde region, the distribution of tree-ring-dated sites is almost coterminous with the distribution of community centers. Figure 7.13 shows that although the community centers on Mesa Verde proper were confined to a small area, there were many smaller sites with tree-ring cutting dates in the surrounding areas, including the Mancos River valley and the canyons immediately south of the Mancos River. Comparing figures 7.11, 7.12, and 7.13 shows that there are fewer Period 4 dated sites from the eastern edge of the Mesa Verde region, suggesting that there may have been an abandonment of this portion of the region in Period 4. There continues to be a wide geographic distribution of tree-ring-dated sites in southeastern Utah, especially west of Comb Ridge, indicating that small-site settlement remains common in the western Mesa Verde region.
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    Figure 7.12 Period 3 community centers and sites with tree-ring cutting dates. 
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    Figure 7.13 Period 4 community centers and sites with tree-ring cutting dates.


COMMUNITY MOVEMENT

Community movement within the Mesa Verde region is documented by examining the location of each community center in one period and identifying the community center that is its nearest neighbor in the subsequent period. The cost-equivalent distance between the community centers is used to measure the scale of movement.

New community centers are interpreted as having continued to serve the existing community when the movement between community centers in two sequential time periods is less than 2 kilometers. This is consistent with the definition of communities as spatially restricted areas where there was regular, face-to-face interaction and shared access to local resources. When movement is within 7 kilometers, the zone of regular resource use, continuity in community membership remains likely but is less clear than for moves of less than 2 kilometers. When the distance between centers is greater than 7 kilometers, there is a greater chance that the earlier community dissolved, and the relationship to the nearest neighbor of the subsequent period is less certain. In some cases, a community center in one period had two nearest neighbors in the subsequent period that were almost equal distances away; both nearest neighbors are listed in these cases.

Period 1 to Period 2 Community Movement

Little can be said about the general character of community movement between Periods 1 and 2 because Period 1 communities are so few in number (table 7.7). Continuity in the Sand Canyon community is indicated by the short-distance move between the Period 1 great kiva and the Period 2 community center, Casa Negra (Adler 1994). The Mancos Canyon great kiva is within the regular resource use area of the later Mouth of Navajo Canyon community center, indicating that continuity in this Mancos Canyon community is also likely. As noted earlier, tree-ring data suggest that other Period 2 community centers also developed in preexisting Period 1 communities, even though there are few public buildings that date to Period 1.

    
    Table 7.7 Cost-Equivalent Distances between Period 1 Community Centers and Their Period 2 Nearest Neighbors

    
    
    	PERIOD 1 COMMUNITY CENTER
    	PERIOD 2 NEAREST NEIGHBOR
    	DISTANCE TO NEAREST NEIGHBOR (ADJUSTED KM)
    

    	Mancos Canyon great kiva
    	Mouth of Navajo Canyon great house
    	5.2
    

    	Sand Canyon locality great kiva
    	Casa Negra
    	0.3
    

    

    


Period 2 to Period 3 Community Movement

Distances between Period 2 and Period 3 community centers vary considerably, from several cases in which the move was less than 100 meters to a maximum distance of 45.6 cost-equivalent kilometers (table 7.8, fig. 7.14). Eleven of the 36 Period 2 community centers (30 percent) are within the 2-kilometer zone of a Period 3 center, indicating a short-distance move and likely continuity in the community. Six Period 2 centers are within the 7-kilometer radius of a Period 3 center (17 percent), a moderate distance over which continuity in community membership is still considered possible. Two Period 2 centers have Period 3 centers that fall just beyond the 7-kilometer threshold, and community continuity between periods is possible in these cases.

There are 19 Period 2 community centers (53 percent) with Period 3 nearest neighbors farther than 7 kilometers away; these moves range from just over 7 kilometers to 45.6 kilometers. Interpreting community movement at these greater distances is difficult. One possible interpretation is that Period 2 communities persisted through time but migrated greater distances to settle new, empty localities. Another possibility is that the Period 2 communities dissolved and segments of them migrated to become members of other preexisting communities. It is also possible that the nature of community organization changed such that Period 3 communities remained in the vicinity of the abandoned Period 2 community centers but did not have a large community center. Intensive survey in the areas surrounding these abandoned Period 2 community centers would be needed to resolve this question.
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    Figure 7.14 Period 2 community centers and their Period 3 nearest neighbors.


    
    Table 7.8 Cost-Equivalent Distances between Period 2 Community Centers and Their Period 3 Nearest Neighbors

    
    
    	PERIOD 2 COMMUNITY CENTER
    	PERIOD 3 NEAREST NEIGHBOR
    	DISTANCE TO NEAREST NEIGHBOR (ADJUSTED KM)
    

    	Morris 20
    	Lion House
    	15.9
    

    	O’Bryan’s Weber Canyon Pueblo
    	Lion House, Battleship Rock cluster
    	17.2
    

    	O’Bryan’s Prater Canyon Pueblo
    	Mitchell Springs, Site 34
    	17.3
    

    	Far View House
    	Far View House
    	0.0
    

    	Mouth of Navajo Canyon great house
    	Kiva Point
    	3.5
    

    	Red Pottery Mound
    	Kiva Point
    	27.9
    

    	Yucca House
    	Mud Springs
    	6.9
    

    	Wallace Ruin
    	Mitchell Springs
    	10.4
    

    	Haynie Ruin
    	Mitchell Springs
    	10.4
    

    	Ida Jean Ruin
    	Mitchell Springs
    	9.6
    

    	Emerson Ruin
    	Mitchell Springs
    	17.6
    

    	Reservoir Ruin
    	Mitchell Springs
    	17.7
    

    	Escalante Ruin
    	Yellow Jacket Pueblo
    	17.2
    

    	Hartman Draw
    	Mitchell Springs
    	11.2
    

    	Mitchell Springs
    	Mitchell Springs
    	0.0
    

    	Yellow Jacket Pueblo
    	Yellow Jacket Pueblo
    	0.0
    

    	Goodman Point great house
    	Shields Pueblo
    	0.2
    

    	Casa Negra
    	Casa Negra
    	0.0
    

    	Uncle Albert Porter
    	Bass complex
    	2.8
    

    	Carvell Ruin
    	Carvell Ruin
    	0.0
    

    	Ansel Hall
    	Carvell Ruin, Lancaster
    	7.1
    

    	North Lowry
    	Pigg Site
    	0.0
    

    	Lowry Pueblo
    	Pigg Site
    	0.7
    

    	Casa de Valle
    	Pigg Site
    	2.5
    

    	Upper Squaw Mesa Village
    	Lower Squaw Mesa Village
    	2.3
    

    	Carhart Ruin
    	Hedley Middle Ruin
    	12.9
    

    	Hedley West Ruin
    	Hedley Middle Ruin
    	0.2
    

    	Three-Kiva Ruin
    	Ten-Acre Ruin
    	11.7
    

    	Montezuma Village I
    	Montezuma Village II
    	0.6
    

    	Jackson’s Montezuma Creek Bench #1
    	Jackson’s Montezuma Creek Bench #2
    	0.4
    

    	Moki Island
    	Brew’s Site #1
    	12.4
    

    	Edge of the Cedars
    	Brew’s Site #1, Parker Site
    	18.0
    

    	Bluff Cemetery
    	Decker Ruin
    	16.0
    

    	Cottonwood Falls
    	Black Mesa Quartzite Pueblo
    	7.6
    

    	Arch Canyon
    	Mouth of Mule Canyon Pueblo
    	5.4
    

    	Et al. Ruin
    	Mouth of Mule Canyon Pueblo
    	45.6
    

    

    

    Note: Community centers are listed beginning with those in the southeast section of the study area and moving toward the northwest.


Period 2 to 3 community movement is characterized in two general ways. First, movement between community centers is short or moderate in the central Mesa Verde region, where site density is the greatest. Second, community movement over greater distances is more common outside of the central Mesa Verde region.19

Period 3 to Period 4 Community Movement

Turning to the Period 3 community centers and distances to Period 4 community centers, 17 of the 44 large sites (39 percent) are within 2 cost-equivalent kilometers of one another (table 7.9, fig. 7.15).

Another eight Period 3 community centers (18 percent) are within 7 cost-equivalent kilometers of a Period 4 community center, and two Period 3 centers are just beyond this 7-kilometer threshold. Nineteen of the 44 Period 3 community centers (43 percent) are more than 7 cost-equivalent kilometers from Period 4 villages. The shortest-distance moves continue to be in the central Mesa Verde region, and the scale of movement is greater on the margins of this densely settled zone.20
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    Figure 7.15 Period 3 community centers and sites with tree-ring cutting dates.


    
    Table 7.9 Cost-Equivalent Distances between Period 3 Community Centers and Their Period 4 Nearest Neighbors

    
    
    	PERIOD 3 COMMUNITY CENTER
    	PERIOD 4 NEAREST NEIGHBOR
    	DISTANCE TO NEAREST NEIGHBOR (ADJUSTED KM)
    

    	Lion House
    	Oak Tree House
    	18.0
    

    	Hoy House
    	Oak Tree House
    	13.9
    

    	Battleship Rock cluster
    	Spruce Tree House
    	13.5
    

    	Kiva Point
    	Oak Tree House
    	13.7
    

    	Site 34
    	Spruce Tree House
    	13.9
    

    	Far View House
    	Spruce Tree House
    	7.6
    

    	Mitchell Springs
    	Yucca House
    	11.2
    

    	Mud Springs
    	Yucca House
    	6.9
    

    	Yellow Jacket Pueblo
    	Yellow Jacket Pueblo
    	0.0
    

    	Goodman Point great kiva
    	Goodman Point Pueblo
    	0.6
    

    	Shields Pueblo
    	Goodman Point Pueblo
    	1.0
    

    	Griffey Ruin
    	Easter Ruin
    	1.0
    

    	Casa Negra
    	Sand Canyon Pueblo
    	1.3
    

    	Rich’s Ruin
    	Woods Canyon Pueblo
    	3.4
    

    	Bass complex
    	Woods Canyon Pueblo
    	3.2
    

    	Lancaster/Pharo Ruin
    	Lancaster Ruin
    	0.0
    

    	Carvell Ruin
    	Lancaster Ruin
    	12.5
    

    	Herren Farms
    	Beartooth Ruin
    	0.8
    

    	Head of Hovenweep Mesa- Top Ruin
    	Gardner Ruin
    	0.4
    

    	Finley Farm/Charnel House/Ray Ruin complex
    	Little Cow Canyon Pueblo
    	2.6
    

    	Pigg Site
    	Little Cow Canyon Pueblo
    	1.3
    

    	Mockingbird Mesa-Top Ruin
    	Seven Towers Pueblo
    	0.6
    

    	Kristie’s Ruin
    	Thompson Ruin, McVicker Homestead Ruin
    	1.5
    

    	Carol’s Ruin
    	Thompson Ruin, McVicker Homestead Ruin
    	1.7
    

    	Kearns Site
    	Big Spring Ruin
    	1.4
    

    	Lower Cow Canyon Ruin
    	Cottonwood Ruin
    	1.4
    

    	Brewer Pueblo
    	Berkeley Bryant Site
    	0.6
    

    	Lower Squaw Mesa Village
    	Papoose Canyon Rim Pueblo
    	0.9
    

    	Hedley Middle Ruin
    	Hedley Main Ruin
    	0.3
    

    	Nancy Patterson Pueblo
    	Hovenweep Square Tower
    	13.7
    

    	Montezuma Village II
    	Coalbed Village
    	14.8
    

    	Tsitah Wash complex
    	Hovenweep Cajon
    	21.5
    

    	Aneth Archaeological District
    	Hovenweep Cajon
    	18.6
    

    	Greasewood Flat Ruin
    	Hovenweep Cajon
    	9.2
    

    	Ten-Acre Ruin
    	Bradford Canyon-Head Ruin
    	3.2
    

    	Brew’s #1
    	Bradford Canyon-Head Ruin, Deadman’s Canyon-Head Ruin
    	3.9
    

    	Jackson’s Montezuma Creek, Bench Site #2
    	Hovenweep Cajon
    	21.9
    

    	Five-Acre Ruin
    	Deadman’s Canyon-Head Ruin
    	77
    

    	Gravel Pit
    	Ute Gravel Pit Site
    	9.8
    

    	Parker Site
    	Ute Gravel Pit Site, Ruin Spring Ruin
    	4.6
    

    	Decker Ruin
    	Wetherill’s Chimney Rock
    	10.6
    

    	Black Mesa Quartzite Pueblo
    	Radon Spring Ruin
    	9.0
    

    	Red Knobs
    	Arch Canyon Pueblo
    	18.8
    

    	Mouth of Mule Canyon complex
    	Arch Canyon Pueblo
    	5.4
    

    

    

    Note: Community centers are listed beginning with those in the southeast section of the study area and moving toward the northwest.


Table 7.10 summarizes the scale of movement between community centers for Periods 2 through 4. These data indicate that the scale of movement decreased through time. The scale of movement was always greater on the margins of the large-site settlement system, and shorter-distance moves characterize the central Mesa Verde region. Thus, the increasing density of communities in the central Mesa Verde region resulted in fewer opportunities for community residential movement. Instead, communities in this area persisted in roughly the same geographic locations through time. This is the area in which there was the greatest overlap in community catchments and the greatest competition for resources. Outside the central Mesa Verde region, where the density of community centers was lower, there was more frequent community relocation over greater distances. Options for mobility may have been greater in this area, competition for resources lower, and subsistence economies may have remained more extensive relative to the intensified economies of the Mesa Verde region.

    
    Table 7.10 Percentages of Community Centers Moving Various Distances between Periods 2 and 4
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POPULATION MOVEMENT BETWEEN REGIONS

Finally, an even larger scale of population movement can be examined: migration into and out of the Mesa Verde region. This issue is addressed by examining all the tree-ring dates from the region. Although these data are not sufficient to fully understand movement into and out of the region, they are a starting point with which to examine this question.

The method employed in these analyses is straightforward and similar to that employed in chapter 6. The continuous harvesting of timber is taken to indicate continuity in the occupation of the region. Periods of little or no harvesting may indicate site abandonment and emigration.

A plot of the 3,301 cutting dates from the Mesa Verde region that fall before A.D. 1300 (fig. 7.16) illustrates the low number of tree-ring dates in the 900s. Schlanger and Wilshusen (1993) have argued for abandonment of the Dolores River valley in the early 900s, and there appears to have been a more general emigration from the entire Mesa Verde region during this period (Varien 1994; Wilshusen 1995). The reduced number of dates does not conclusively prove a large-scale emigration from the Mesa Verde region during the tenth century, but it suggests that such an abandonment is a strong possibility.
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    Figure 7.16 All Mesa Verda-region tree-ring cutting dates.
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    Figure 7.17 Mesa Verda-region tree-ring cutting dates between A.D. 900 and 1300.


Figure 7.17 illustrates the distribution of the 2,087 cutting dates between A.D. 900 and 1300. Perhaps the most important aspect of these data is the continuous distribution of dates. This is evidence that the Mesa Verde region was never entirely abandoned between 900 and 1290. The distribution of dated samples does have distinct modes, but the question remains whether the periods of relatively few dates were also periods when there was at least some emigration from the Mesa Verde region.

Figure 7.17 shows not only that the 900s are characterized by the fewest dates but also that the relatively few dates span almost the entire century. That there are so few dates for so long a time supports the interpretation that the Mesa Verde region witnessed a large decline in population during this century. Such a population decline has important implications for the period of interest in this study: it suggests that the many communities that were present by 1050 formed in part by population movement into the region sometime in the late 900s or early 1000s, meaning that the founding dates of these communities can be placed in this time period.

Two additional periods, both of relatively short duration, have relatively few tree-ring dates. One is between 1070 and 1100, the other between 1150 and 1170. The timing of these intervals is of interest because the first approximates the period when the assumed Chacoan regional system is thought to have expanded into the Mesa Verde region, and the second is the period immediately after the Chacoan system is thought to have collapsed. In addition, there were periods of environmental deterioration between approximately 1090 and 1110 and 1140 and 1180.21

In sum, the tree-ring data indicate that the Mesa Verde region was probably depopulated in the early A.D. 900s. This means the Period 2 communities may have formed as a result of immigration into the Mesa Verde region from elsewhere. It is also possible that there was short-term migration between the Mesa Verde region and adjacent areas in the late 1000s and again in the 1150 to 1170 interval. The tree-ring data cannot confirm whether there was widespread abandonment and depopulation during these periods, but they indicate that future research should examine these periods more carefully.

COMMUNITY SEDENTISM AND MOBILITY IN THE MESA VERDE REGION

The social context in which all residential mobility occurred in the Mesa Verde region was strongly affected by the region’s rugged terrain, which impeded the movement of people and thereby influenced human interaction, the formation of community boundaries, and mobility. Spatial analyses reveal three general characteristics of the changing social landscape. First, communities became more tightly spaced in the central Mesa Verde region, indicating the potential for greater competition for resources there through time. Second, community centers on the margins of the large-site settlement system were abandoned over time, so that the large-site communities of the Mesa Verde region became increasingly isolated from adjacent regions. Third, the examination of all sites with tree-ring cutting dates indicates that there were areas, particularly in the western portion of the study area, that had communities consisting entirely of small sites with no known large-site community center.

The analyses also document a wide range in the geographic scale of community movement. There are many cases in which community centers moved over short distances, indicating that a community persisted in the same geographic location through time. There are also a number of cases in which community centers moved over larger distances; in these cases the processes by which communities were abandoned and resettled are more difficult to infer.

The geographic scale of community mobility is variable, but there is a general pattern to this variation. The distance of the moves is greater for large-site communities on the margins of the study area, whereas shorter-distance moves characterize community movement in the central Mesa Verde region. These data indicate that communities in the central Mesa Verde region were occupied for centuries, and their development can be fully understood only by considering this historical context.

Finally, tree-ring data indicate that the Mesa Verde region was never fully abandoned between A.D. 950 and 1290. They do, however, suggest that there was emigration from the region beginning in the late 800s and immigration back into the region in the late 900s and early 1000s. The tree-ring data also indicate that partial, short-term abandonment during periods of environmental deterioration remains a possibility. The most likely intervals for these periods of short-term migration are between 1070 and 1100 and between 1150 and 1170.
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MOBILE HOUSEHOLDS AND PERSISTENT COMMUNITIES

Archaeologists working in the American Southwest have questioned the conventional wisdom that societies became sedentary once they adopted agriculture and pottery. These researchers have demonstrated that agricultural and horticultural societies do not abandon mobility when they adopt food production and pottery making. But much of this research has been couched in either-or terms: societies are argued to be either mobile or sedentary. This perspective fails to recognize a point made by Kelly (1992:60) when he observed that “no society is sedentary. . . . People simply move in different ways.”

Influenced by studies of hunter-gatherer mobility, research in the Southwest is almost exclusively focused on identifying seasonal mobility at the scale of individual small sites, and no attention is paid to whether or not they were part of a larger-scale community. A few studies have focused on the movement of large, aggregated villages, but without addressing household residential mobility in these communities. Most studies have focused on the ecological determinants of mobility, usually environmental change and resource depletion, while social factors related to mobility have been largely ignored.

Following the research of Kelly (1992) and Eder (1984), I view mobility as a multidimensional phenomenon. This means that groups use several different mobility strategies simultaneously. These strategies can be organized by gender or by age set, can involve individuals or task groups, and can combine elements of residential and logistical mobility. My research addresses one dimension of the mobility strategies practiced by ancient agricultural societies in the Southwest: the relatively high-frequency residential movement of households within and among communities that, in themselves, may have persisted continuously within established geographical boundaries for as long as three centuries. Rather than being opposing concepts, sedentism and mobility were strategies that were simultaneously employed.

In the first part of this chapter I summarize the data on residential mobility presented in chapters 4–7 in order to address the initial goal of this research—to provide a sound empirical study that improves our understanding of population movement in the Mesa Verde region. Existing interpretations of Mesa Verde-region mobility are then reviewed in light of these results, including an assessment of how mobility was affected by environmental change, by resource depletion, by social factors, or by some combination of the three. These data also provided insights into the migrations that accompanied the abandonment of the Mesa Verde region.

The main purpose of this chapter, however, is to address the second goal of the research—to build a model of residential mobility that views mobility as a social process. Modeling mobility as a social process benefits from incorporating the concepts of structure and agency and by viewing mobility as part of the mode of production. The frequency of residential movement changed through time, and the patterns of residential movement diverged in different parts of the Mesa Verde region.

Changes in the frequency of household residential movement in the central Mesa Verde region indicate that the system of land tenure was transformed between A.D. 950 and 1300 from a system characterized by usufruct to one characterized by heritable property rights. This change occurred as a result of increased competition for resources through time. During this period, different mobility strategies came to characterize the central Mesa Verde region and the area surrounding it. The central region was increasingly characterized by decreased residential mobility and intensified subsistence economies, but in peripheral areas people continued to practice more frequent residential movement and more extensive movement. It is possible that these differences led to the increasing conflict documented for the region in the late 1200s, which in turn might have contributed to the final migrations from the region.

THE RESIDENTIAL MOBILITY OF MESA VERDE-REGION HOUSEHOLDS

One of the major purposes of this study was to develop a methodology for measuring the occupation duration of residential sites. Previous studies that examined regional settlement patterns and attempted demographic reconstructions either ignored the issue of occupation span or made best-guess estimates for the length of site occupation. Occasionally, architectural style has been used to estimate occupation span (Schlanger 1987), but this is useful only in setting upper limits to the occupation spans of sites with earthen architecture. Architectural style does not provide occupation span estimates for individual sites and thus cannot document variation in the length of occupation among these sites.

Previous accumulations research developed accumulation rates for all pottery; these studies are problematic because they use data from single-and multiple-component sites and they aggregate all pottery, which includes vessels with different use-lives and accumulation rates. In this study I have tried to isolate a functionally specific vessel category ideal for accumulations research—cooking pots—and to develop a cooking-pot sherd accumulation rate using a strong archaeological case.

The accumulation rates developed in chapter 4 should have broad applicability for the northern Southwest, and the general methods for estimating site occupation span should be useful to archaeologists working in many parts of the world. By applying these methods to residential sites in the Sand Canyon locality, considerable variation in site occupation span is documented, but despite this variability there is a general pattern of ever-lengthening occupation span through time.

The sample of Pueblo II habitations in the Sand Canyon locality is limited to two sites; best estimates for their occupation spans are 16 and 26 years, respectively. They contrast with 13 Pueblo III components, for which the average occupation span is 44 years (if Troy’s Tower and Mad Dog Tower are excluded, the mean is 50 years). These findings suggest an important shift in the residential mobility patterns of households in the Sand Canyon locality through time. Occupation span estimates range between 19 and 80 years at the 13 Pueblo III residential sites; it is unlikely that this range is due entirely to sampling error. The estimates indicate that occupation at a few sites was limited to a single generation but that most Pueblo III sites were occupied for multiple generations.

Resource depletion was expected to have caused household residential movement at relatively regular intervals, and well-documented environmental deterioration, including drought, was expected to have caused household movement at specific time periods. Neither seems to have been the case. The variation in the occupation span estimates suggests that residential mobility was stimulated by several factors, and social factors may have been more important than either environmental change or resource depletion in causing the residential movement of households.

The domestic cycle—a social factor—may have been important in determining the frequency of residential movement at sites where occupation was limited to a single generation, which includes both of the two Pueblo II occupations and three of the Pueblo III residential sites. At these sites, new residences may have been built at or near the time that new households formed, and they may subsequently have been abandoned after children had grown and left the households. At the eight Pueblo III residential sites occupied for more than one generation, new households either used the existing residential facilities or added new residential structures so that the site grew by accretion.

Occupation span estimates for the Sand Canyon locality rarely exceed three generations. Gaines and Gaines (1997) have simulated the population dynamics of a hypothetical three-household settlement on a year-by-year basis over a period of 70 years. They found the longevity of such a settlement to be extremely sensitive to the survival schedule and the marriage and residence rules employed in the simulation. Their work indicates that there are limits to the occupation duration of small sites set by the demographic composition of the group. The small residences in the Sand Canyon locality that were occupied for two and three generations may have been abandoned because they were no longer demographically viable.

It is clear that some of the small residential sites in the Sand Canyon locality were occupied through periods of environmental deterioration, judging from their occupation span estimates and their dating. Research has shown that agricultural productivity in the Sand Canyon locality was higher than average for the region as a whole (Van West 1994), and Sand Canyon locality households may have been able to withstand times of environmental deterioration. This may not have been true for areas of lower agricultural productivity; future research in these areas may document greater household movement during periods of environmental deterioration. It is possible that the Sand Canyon locality actually absorbed population during these environmentally stressed times, although this remains a question for future research.

Finally, the occupation span estimates move in a direction opposite to that predicted by simple resource depletion models. That is, resource depletion around the Pueblo III habitations was almost certainly greater than depletion around the Pueblo II residential sites, yet the Pueblo III residences were occupied longer. The Pueblo II and Pueblo III habitation sites located on the mesa top are on the same type of soil, so changing agricultural productivity does not explain why they were occupied for different intervals. In addition, all habitation sites in the Sand Canyon community lie within a few kilometers of one another, so access to wild food resources and other raw materials was similar for all of them. This does not mean that resource depletion in the vicinity of these residential sites did not occur—on the contrary, it almost certainly did. But resource depletion did not dictate household movement in a regular or mechanistic fashion. The decision by a household to move or stay put in response to local resource depletion depended on the social context. This social context included the immediate community to which a household belonged and the other communities in the region.

COMMUNITY SEDENTISM AND MOBILITY

Analyses of community sedentism and mobility within the Sand Canyon locality are anchored by a growing body of middle-range theory that links the abandonment of structures, sites, and regions to particular behaviors. This middle-range theory is relevant to studies of population movement because the distance between an abandoned site and the nearest subsequently occupied site is an important factor determining the size of the artifact assemblage left at the abandoned site. When the distance is short, de facto refuse is salvaged from the abandoned site, but when the distance is long, de facto refuse is left behind. In the research reported here, I have attempted to contribute to this middle-range theory by showing how these general behaviors are influenced by historically contingent practices.

I also examined tree-ring dates in order to determine whether communities in the Sand Canyon locality were occupied continuously or intermittently, offering a new dimension for analyses using tree-ring dates. Traditionally, tree-ring dates have been used to date individual structures and sites. But stratigraphic analysis demonstrates that timbers were commonly salvaged from individual structures for use elsewhere. Tree-ring dates recovered from burned structures provide evidence for the repeated use of the salvaged timbers. By aggregating the tree-ring dates from sites within community boundaries, the history of wood use by a community can be examined.

Before reviewing these analyses, it is useful to return to the definition of community used in this study. Communities have important spatial and temporal dimensions, and these constrain what can be considered a community. Communities are places where individuals have regular face-to-face contact, which sets geographic limits on the size of the community. At a specific point in time, communities have a definite membership—those people residing within the community boundaries. Because community members live in a geographically circumscribed area where they interact on a regular basis, they share the resources within their community catchment. Regular interaction and sharing of local resources within a geographically limited area is therefore fundamental to the definition of an ancient community. The importance of this cannot be overstated, because regular interaction in the context of copresence is critical to the reproduction of society (Giddens 1984:64–72). The form, composition, and organization of the community change through time, but this does not mean that the community itself fails to persist. Instead, understanding these community dynamics becomes one of our primary goals in studying ancient communities.

These Sand Canyon locality data were used to define the geographical, demographical, and sociohistorical dimensions of Mesa Verde-region communities, producing a model for their settlement patterns and organization that differs from models used in previous analyses. The main difference is that communities are seen as having a community center with an associated settlement cluster. The community center is the area of densest residential settlement and public architecture. Each community center is surrounded by a settlement cluster. The individuals and households that occupy the residential sites in this settlement cluster move relatively frequently, probably within their own community and between their community and neighboring communities. The community centers proper, however, have longer durations of occupation and move shorter distances.

Tree-ring dates suggest that the Sand Canyon community was occupied for a minimum of 100 years, and occupation for as long as three centuries is suggested by even earlier tree-ring dates and by the salvaging of pit structure roofs at abandonment. The abandonment of roof timbers as de facto refuse is largely limited to structures abandoned at the time of the final long-distance migration from the region. Timbers were commonly salvaged from earlier structures dating between the late A.D. 1000s and the middle to late 1200s. The salvaging of timbers suggests continuous or nearly continuous occupation of the Sand Canyon locality during this period. That these timbers appear to have been salvaged near the time the structures were abandoned suggests that it was the occupants of the abandoned structures who salvaged and reused the timbers, which implies continuity in the occupation of these communities.

The artifact density in abandoned pit structures suggests that mesa-top habitation sites continued to be used even after they were abandoned as year-round residences. These mesa-top habitation sites are interpreted as having undergone continued use as field houses—a hypothesis that is reasonable in the light of existing data but that clearly needs further research. If these sites did see continued use as field houses, then the residential mobility that resulted from their abandonment as habitations was not due to depletion of soil nutrients. Again, the continuous use of these sites, despite the changing settlement pattern, implies continuity in ownership, which further implies continuity in the occupation of the community.

Evidence for long and continuous occupation of localities is also seen in the tree-ring dates from Chapin and Wetherill Mesas in Mesa Verde National Park. In these areas there was nearly continuous occupation for as long as 300 years and perhaps even more. On Chapin Mesa, which has the largest sample of excavated sites, there is continuous occupation, punctuated by only short periods of possible abandonment, for 600 years. Together these analyses indicate that histories of individual communities in the Sand Canyon locality and on Mesa Verde often spanned centuries. Understanding the organizational dynamics of these communities requires a detailed reconstruction of their histories and a thorough description of the regional social context. Examination of the regional context also permits an evaluation of models of community organization based on Sand Canyon locality research.

The historical development of Mesa Verde-region communities at a regional scale was examined using the existing survey data, the community center database, and a database that included every tree-ring date from the Mesa Verde region. These analyses revealed three general characteristics of the Mesa Verde-region social landscape between A.D. 950 and 1290. First, there was population growth and increased clustering of communities in the central Mesa Verde region. Second, the boundaries of the large-site settlement system as a whole constricted through time, so that these large-site communities became increasingly isolated from adjacent areas. Finally, there were localities in the Mesa Verde region where communities consisted entirely of small sites that apparently were not organized around either a large site or public architecture. Settlement patterns similar to those documented for the Sand Canyon locality characterize many communities in the central Mesa Verde region, but community organization outside of this area may have been more variable.

The frequency and distance that communities moved through time was examined by analyzing the community center database. Community movement—like the household movement already discussed—was characterized by variability. There was variation in the distances that communities moved and in the lengths of time that communities were occupied. There is, however, a general pattern to this variation. Communities on the margins of the large-site settlement system moved the greatest distances and had the shortest histories, whereas shorter-distance moves and longer occupational histories tend to characterize communities in the central Mesa Verde region. The short-distance moves in the central Mesa Verde region are further evidence for the continuity of community organization and the historic development of these communities.

The variation in the distances that communities moved suggests that the stimuli for this movement also varied. It is possible that resource depletion stimulated movement over longer distances on the margins of the large-site settlement system. It is unlikely, however, that resource depletion stimulated the shorter-distance movement in the central Mesa Verde region. This is especially true for the depletion of timber for construction materials and fuel, which has been identified as an important stimulus to mobility in other studies (Kohler and Matthews 1988). In much of the central Mesa Verde region, there were community centers within the same community catchment areas in sequential periods. Even if these communities were periodically abandoned and resettled, the periods of abandonment would have been insufficient to allow full regeneration of local resources, especially of the pinyon-juniper forest.

Tree-ring data indicate that the entire Mesa Verde region was never fully abandoned between A.D. 950 and 1290. There are, however, far fewer tree-ring dates during the late 1000s and again between 1150 and 1170. Droughts occurred during both of these intervals. Households and communities that had access only to marginal resources may have left the region (or been forced out) during these periods. A similar process has been documented in historic-period pueblos (Levy 1992). Determining whether this occurred in the Mesa Verde region requires further research, including better chronologies from a variety of areas within the region. At present, the tree-ring data can suggest only that short-term emigration as a response to climatic deterioration, similar to that proposed for the Dolores River valley between 650 and 920 (Schlanger and Wilshusen 1993), may have occurred in the Mesa Verde region during the 950 to 1300 period as well.

Finally, researchers have offered different interpretations of the timing of emigration from the Mesa Verde region. Some suggest emigration began in A.D. 1150 (Eddy, Kane, and Nickens 1984:40), others argue for the early 1200s (Lipe 1995:152), and still others argue that population grew until the last decades of the 1200s, with a large, rapid out-migration at that time (Rohn 1989:166). All three interpretations could be correct. Communities on the margins of the large-site settlement system were being abandoned in 1150, a process that continued in the early 1200s. Some of the members of these communities may have left the region to join communities elsewhere, creating migration streams for subsequent population movement (indeed, movement in the late 1100s may have followed migration streams established by the tenth-century migrations from the region). In the central Mesa Verde region during the same 1150 to 1225 period, there was continuity of occupation in some communities, and new communities formed in this area after 1225. Some localities in the central Mesa Verde region did grow until the late 1200s, and undoubtedly there were many thousands of people living in the region in the decade preceding the final migrations.

PERSISTENT COMMUNITIES IN THE MESA VERDE REGION

The data on community movement presented in chapter 7 can be used to identify the most persistently occupied places in the Mesa Verde region and, by extension, the communities with the longest histories. For the most part, these persistent communities are identified by grouping community centers that moved fewer than 7 kilometers from one time period to the next; however, a few cases in which the move was just above this 7-kilometer threshold are also included. These persistent communities are listed in table 8.1, beginning with communities located in the southeast portion of the study area and moving toward the northwest.

Figure 8.1 illustrates these 27 persistent places, showing the 2- and 7-kilometer cost-equivalent radii around each community center (see figs. 7.2–7.5 for the locations and names of individual community centers). On the south, there is a persistent community in Mancos Canyon, and to the north of it is one on Chapin Mesa (there are almost certainly additional persistent communities on Mesa Verde—for example, on Wetherill Mesa—but they do not show up because earlier communities on Mesa Verde were not organized around large sites). There are three persistent communities between Mesa Verde and McElmo Creek: the Yucca House, Mud Springs, and Mitchell Springs communities. The largest concentration of persistent communities occurs in the area between McElmo Creek and Squaw Mesa, where there are 16 persistent communities. Farther west, there is a persistent community in Montezuma Canyon and another just to the west on Alkali Ridge.

The 7-kilometer threshold was relaxed in the area to the west of Alkali Ridge. At this slightly larger scale of movement, there is persistent use of each of the major north-south drainages: Recapture Wash, Cottonwood Wash, and Comb Wash. The persistent use of these drainages indicates historical continuity in the occupation of the western edge of the Mesa Verde region, but on a spatially more extensive scale. Environmental conditions may help explain why these communities are spatially extensive: the area west of Alkali Ridge is lower in elevation, is drier, and has shallower soils than the central Mesa Verde region. There is a final persistent community identified on Montezuma Creek near the San Juan River. These persistent communities were not the only communities in the region that had histories, but they are the largest communities with the longest histories. As such, they would have structured in important ways the social landscape in which individuals and households moved.

    
    [image: ]

    Figure 8.1 Location of 27 persistent communities, showing their associated community centers and their 2- and 7-kilometer cost-equivalent catchments.


    
    Table 8.1 Mesa Verde-Region Persistent Places, A.D. 900–1290
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SEDENTISM AND MOBILITY AS A SOCIAL PROCESS

To explain the variation and patterns documented for household and community mobility in the Mesa Verde region, residential movement needs to be considered as a socially negotiated activity. Modeling mobility as a social process requires social theory—that is, theory concerned with the nature of human action (practice and agency) and the relation of this behavior to historically derived structure. The relationship between practice/agency and structure has been one of the chief problems addressed by anthropologists since the 1960s (Ortner 1984). But cultural anthropology, because it typically examines behavior over a limited time frame, is best suited to understanding agency and, to a lesser degree, how structure enables and constrains agency. The research reported here, however, examines the dynamic interplay between structure and practice/agency over a period of more than 300 years in order to analyze changes in residential mobility in the Mesa Verde region. Archaeology is unique among the social sciences in its potential for understanding structure as being historically constituted and in its ability to show how practice/agency both reproduces and transforms this structure.

Individuals and households, and probably some suprahousehold groups, were the agents who negotiated residential movement. This movement was negotiated in a social landscape defined in part by the communities illustrated in figure 8.1, as well as by other, smaller communities not identified there. Structure in the Mesa Verde region developed in the context of these historically constituted communities. The practice of residential mobility, an example of human agency, reproduced and transformed the system of land tenure. Land tenure systems were an important part of the social structure in the Mesa Verde region and were negotiated by individuals at the social scale of the community.

Residential Mobility, Agricultural Production, and Land Tenure

It is useful to conceive of residential mobility as an element of a group’s mode of production. This helps us envision individuals and households as strategic actors who negotiate their self-interest when making residential moves. Residential mobility is an important part of the mode of production because it directly affects how individuals and households gain access to the most critical resources in agricultural production: land and labor.

Small residential sites in the Mesa Verde region in the early Pueblo II period were associated with the best soils for dryland agriculture, but as population grew, some increasing numbers of residences were located on soils that were less agriculturally productive (Adler 1990:239, 1996b; Fetterman and Honeycutt 1987:103, 125; Hayes 1964:93, 109; Rohn 1977:237, 241–243). The only period when there was no direct association between arable land and residential sites was when the large, canyon-oriented villages were settled in the middle to late 1200s. Thus, the placement of residential sites appears to have been a means by which households claimed land, probably farming areas close to their residence. In addition, residential mobility was the means by which individuals and households gained access to social resources—that is, by placing residential sites in proximity to those of other community members.

Kelly (1992:48) lists many factors that cause mobility, including economic, social, and political considerations. The proximate cause for every move cannot be known, but these moves, when they occurred, were the means by which people gained access to natural and social resources. Even though we cannot know the cause for every move, the changing frequency of residential movement can be documented and used to examine the social context in which it occurred.

People maintain their access to productive resources through systems of land tenure. Adler (1996b) sees land tenure as a complex, risk-buffering strategy; land tenure assures one’s access to productive resources, thereby reducing uncertainty, but it also denies one access to lands held in tenure by other groups, thereby increasing risk. Land tenure varies considerably, from relatively communal access (which does not mean equal access by everyone but rather ownership by groups larger than either individuals or households) to heritable property rights vested in particular individuals. In relatively unrestrictive land tenure systems, people own land only so long as they are actively using it—a form of ownership termed usufruct—but with more formal land tenure people retain ownership to land that is not in active use.

Adler (1996b) documents a cross-cultural pattern in which small groups have primary access to productive resources for short periods of time in situations requiring low agricultural labor investment. An example is that of swidden agriculturalists for whom land ownership is defined by usufruct. Larger primary-access groups, composed of many households, are found where there are moderate levels of agricultural intensification. At high levels of agricultural intensification, small primary-access groups are again typical, but they maintain rights to land over long periods of time through inheritance. Adler (1996b) uses this cross-cultural pattern to interpret changing settlement patterns in the Sand Canyon locality. He argues that increasing population density stimulated moderate levels of agricultural intensification and an increase in the sizes of primary-resource access groups, as evidenced by increasing site size and aggregation through time.

I view land tenure as an important part of what Cowgill (1993a) calls local rules and therefore as an important part of the structure that enabled and constrained the residential mobility of strategic actors. Focusing on land tenure systems links the social scales examined in this study. Individuals and households used the practice of residential movement to gain access to productive resources. This access, however, was negotiated at a larger social scale, because individuals and households lived close to many others who sought access to the same productive resources. In the larger region, individuals and households not only negotiated among themselves for access to local resources but also, as communities, they acted to perpetuate their collective land-use rights in the larger regional landscape composed of many communities. The collective role of communities in the social reproduction and protection of land-use rights becomes increasingly important as the land-use rights of individuals and households become more exclusionary (Adler 1996b). The multicommunity clusters identified in chapter 7 may indicate that the social reproduction and protection of land-use rights occurred on an even larger social scale in the final period of occupation in the Mesa Verde region.

Land tenure systems are socially mediated, historically constituted, and highly flexible; their flexibility stems from their being the product of active social negotiations. Adler (1996b) notes that land tenure systems exist in the minds of individuals, and as such they cannot be unearthed from the archaeological record. I argue that the frequency of residential movement provides archaeological evidence from which we can make inferences about land tenure, illuminating how land tenure was both reproduced and transformed.

The process of residential mobility includes the construction of houses, which are more than just places to live. Especially with dispersed settlement patterns, the location of a residence marks the ownership of resources in the area immediately surrounding it. Pit structures and kivas, even if they were used primarily for domestic activities, also served important ritual and symbolic ends (Lipe 1989). In addition, residential sites were used as burial grounds, which may have further enhanced their symbolic importance. It is unlikely that meaning associated with these places simply vanished when they were abandoned as permanent residences. Even if we cannot decode the specific meaning that subsequent inhabitants of the area gave to these abandoned residential sites, we can be sure that they were a recognizable part of the social landscape. Indeed, they remain a part of the social landscape today.

The symbolic importance of these abandoned residences is especially relevant when the long history of many of the communities is considered. During the historical development of these communities, through the practice of residential movement, the social landscape became increasingly filled with these symbols of past ownership and land use. The changing social landscape of the Mesa Verde region was not characterized simply by increasing population density but also by an increasing density of abandoned residences, which I suggest were highly charged symbols. These abandoned residences and burial grounds might have been important symbolic resources that individuals and households drew upon as they negotiated their claims to productive resources through the practice of residential mobility.

Although land tenure systems existed in the minds of individuals, the practice of residential movement materialized them. Estimates of occupation span and frequency of household residential movement indicate that Pueblo II residences were occupied for a single generation each. It is likely that residential mobility during this period was linked to the domestic cycle. Land was plentiful relative to later periods, and each generation may have claimed new land on which to reside and farm when forming new households. Length of occupation was measured at only two habitation components during this period, but the inference that habitations at this time were limited to a single generation is supported by their having consisted of earthen architecture; several researchers have demonstrated that earthen buildings in temperate climates have a maximum use-life of 30 years (Ahlstrom 1985:83–84, 638; Cameron 1990; Diehl 1992; McIntosh 1974; Schlanger 1987:586).

Elsewhere I have argued that the earth-to-masonry architectural transition had important implications for changing patterns of residential mobility (Varien 1998), a point supported by Diehl’s (1992) cross-cultural research. A review of Mesa Verde-region architectural trends shows that almost all residences before A.D. 1050 were constructed as earthen buildings (Varien 1998). The transition to masonry buildings occurred between 1050 and 1150, apparently developing earlier on Mesa Verde proper and later in other areas in the region (Varien 1998). Thus, single-generation occupations characterize the 950 to 1050/1150 period, a time when residential sites have the closest association with the most productive soils.

The Sand Canyon locality residential sites that postdate 1150 include some habitations that were occupied for a single generation and others that were almost certainly occupied for at least two and perhaps three generations. There was increasing overlap of community catchments in the central Mesa Verde region in the post-1150 period, resulting in greater competition for resources there. Increasing population, increasing competition for resources, and decreasing potential for mobility are related to the development of increasingly formal and exclusionary land tenure systems (Adler 1996b; Netting 1993; Stone 1993, 1996; Stone, Netting, and Stone 1990). The occupation of residential sites for multiple generations is evidence of a transformation in land tenure systems in the Mesa Verde region. Particular residences and the resources associated with them appear to have been passed down through several generations. These cases, in which the transmission of resources is so apparent, reinforce Halperin’s (1989) point: residential mobility, or the lack thereof, represents not only changing places but also changing hands.

To restate and summarize the foregoing argument, land tenure, as an institution, was reproduced and transformed through the practice of residential mobility. Between A.D. 950 and 1300, individuals and households gained access to natural and social resources via the construction and placement of residential sites. Population density and competition for resources was low when Mesa Verde-region communities were first formed between 950 and 1050, and land tenure was probably characterized by usufruct. Through time, population density and competition for resources increased. Negotiation for land-use rights would have become more competitive as well, and people may have begun to use historic claims to use-rights in order to claim access to land that was not in constant production. Historic connections to abandoned residential sites and burial grounds may have been important symbols in this process of negotiation. Eventually, population density and competition for resources increased to the point at which residential sites changed from earthen to masonry buildings and some residential sites began to be occupied for multiple generations. A land tenure system based on usufruct was transformed into one based on some form of heritable property rights.

The historical development of these land tenure systems may have been an important factor enabling the dramatic residential mobility that characterized the settlement pattern changes of the 1200s, in which households moved from their mesa-top farms into canyon-oriented villages. Centuries of residential mobility may have resulted in more formal and exclusionary land tenure systems, and the social landscape may have been socially formatted to the degree that groups no longer needed to live directly on their farms in order to protect their claims to productive land (Adler 1990). Households within communities may have recognized the historic claims to land by other community members, and communities may have taken on a much more important role in protecting these land-use claims in a context of greater regional competition for resources. If access to productive land within the community was ensured through this historically constituted land tenure system, the movement to aggregated, canyon-oriented villages may signal a point at which accessing social resources—including those used for defense in a time of conflict—had become more important than claiming productive resources. The development of multicommunity clusters may have been a means by which the land use rights of individuals and households were ensured at a social scale larger than that of the single community.

Occupation span estimates for the post-1150 habitations also exhibit considerable variation. This variability indicates that households pursued different strategies of residential movement, and it is likely that some households were more successful than others when they negotiated this movement as a means of gaining access to natural and social resources. Future research should measure changes in residential mobility through time and across space, improving our understanding of the variation in occupation span. It will be particularly important to measure the frequency of household movement in a number of the persistent communities and in communities that were less persistent.

Marriage, Residence, and the Movement of Individuals

Local marriage and postmarital residence rules were another important aspect of structure that affected residential mobility in the Mesa Verde region. Given the reconstruction of the population size of Sand Canyon locality communities (Adler 1990, 1992, 1996b; Adler and Varien 1994), it is clear that it was not until after A.D. 1150 that single communities were large enough to have provided a viable mating network internally. Before 1150, marriages would almost certainly have been between individuals from different communities, and residential mobility linked to the domestic cycle would have required the movement of individuals across community boundaries. This was probably important in building relationships between households in different communities, thereby facilitating interaction within the region. Residential mobility was a means of gaining access to productive natural and social resources, but the movement of individuals between communities affected political life as well.

EXTENSIFIERS AND INTENSIFIERS

To conclude this study, I focus on a final aspect of the variation and patterning revealed by these analyses—the increasing contrast between communities in the central Mesa Verde region and those on the periphery. In the central Mesa Verde region, community centers were larger, many had longer occupation spans, and there were shorter-distance moves between community centers of successive periods. This resulted in greater catchment overlap and more persistent communities in the central Mesa Verde region, as illustrated in figure 8.1. Outside of this central area, communities were spatially more extensive, and there were some communities that were not organized around large sites and public architecture.

To borrow terminology from Stone (1993), the people inhabiting the persistent communities in figure 8.1 increasingly became “intensifiers,” and those living outside these persistent communities remained “extensifiers.” If intensification is measured in terms of increasing population, material, information, or energy per unit area or per capita (Lipe 1992:128), then the inhabitants of the central Mesa Verde region became intensifiers simply as a result of their increasing population density through time. More specifically, there is evidence that the technology of agricultural production was intensified to a greater degree in the area associated with the persistent communities.

Ecological variables undoubtedly played a role in defining the area occupied by these intensifiers. This area corresponds roughly with the location of the most productive agricultural land today—the deepest mesa-top soils that are best suited to dryland agriculture. It is also the area that provides the best mix of mesa-top and canyon environments, a combination that increased the opportunities for a mixed agricultural strategy combining dryland agriculture on the mesa tops and canyon-oriented floodwater irrigation. And this area is at an elevation that offers the best trade-off between frost-free growing season and precipitation. Outside of this area—in the portion of the region occupied by groups who remained extensifiers—soils are shallower, precipitation is less in the areas of lower elevation, and the growing season is shorter in areas of higher elevation.

The Ute Mountain Archaeological Project (Breternitz and Robinson 1996) provides an example of mobility and sedentism in the area occupied by extensifiers. This project examined communities on the southern piedmont of Ute Mountain, with a focus on Cowboy Wash, a drainage that flows only during periods of rainfall runoff (see fig. 7.2 for the location of Ute Mountain and fig. 7.5 for the location of Cowboy Wash Pueblo). Between A.D. 1025 and 1280 there were three occupations in this area, each with a different settlement strategy (Billman 1997, 1998).

The first was short-lived, dating sometime between 1050 and 1075. Small habitations with a single pit structure each were widely dispersed, and there was no community center with public architecture. The residential sites show evidence of year-round occupation, but the middens are shallow, indicating short occupation spans. This occupation is interpreted as the result of individual households homesteading a wide area on the southern piedmont, where they took advantage of a period of higher than normal summer precipitation to practice dry farming. This attempt at homesteading apparently failed, and the homesteads were abandoned by 1075 (Billman 1998).

The second occupation occurred sometime between 1075 and 1150. Residential sites were still predominantly single-household occupations, but they were distributed in recognizable settlement clusters along three drainages: Navajo Wash, West Navajo Wash, and Cowboy Wash. Again there was no community center or public architecture associated with these settlement clusters. Settlement occurred as a result of the nearly synchronous movement of entire communities into the area, communities that settled in the most productive area for floodwater agriculture (Billman 1998; Huckleberry and Billman n.d.). Population in the Cowboy Wash community grew rapidly between 1075 and 1125. It declined significantly between 1125 and 1150, and the community appears to have met a violent end at around 1150. Many of the pit structure floors were littered with disarticulated, intensively fractured human remains.

During the final period of occupation, dating between 1225 and 1280, two communities were founded, one on Cowboy Wash and one near Moqui Springs in West Navajo Wash. Each community was organized around a community center with public architecture, the Cowboy Wash and Moqui Springs Pueblos (table 7.3, fig. 7.5). Again, these communities appear to have been settled as a result of community mobility. Individual sites have longer occupation spans, some lasting two generations. The longevity of these communities, compared with those of previous occupations, is attributed to intensified ceremonialism and agricultural production (Billman 1997). Evidence of violence is also present in the human remains of this period, but rather than disarticulated remains on pit structure floors, this violence is evidenced by an increasing number of individuals with heavy trauma to the cranium, not unlike that documented for the Sand Canyon locality and other areas of the Mesa Verde region during this period (Lightfoot and Kuckelman n.d.). Thus, the final inhabitants of the southern piedmont of Ute Mountain were more like the intensifiers of the central Mesa Verde region.

Through time, settlement in the Mesa Verde region increasingly diverged into these two different strategies. Intensifiers developed more persistent communities by intensifying ceremonialism and agricultural production. The result was lower-frequency residential movement. Extensifiers continued to rely on more frequent and more spatially extensive residential movement.

These two groups may have come to use the area outside the immediate catchments of the persistent communities in different ways. Intensifiers may have organized logistically to exploit this periphery as a secondary sustaining area, particularly if their immediate catchments became depleted of resources such as large game. Extensifiers, on the other hand, continued to use the area on the periphery of the central Mesa Verde region as their primary sustaining area, with more extensive land use and a higher frequency of residential movement. These two differing modes of production, exploiting the same area in different ways, may have produced tensions between those living in the two areas. It is possible that such tensions contributed to the increasing conflict documented for the Mesa Verde region during the late 1200s. This conflict may have contributed to the residential movement that brought the residential occupation of the Mesa Verde region to its dramatic end: the final migrations from the region.


NOTES

CHAPTER 1. SEDENTISM AND MOBILITY IN HORTICULTURAL AND AGRICULTURAL SOCIETIES

1. Many studies use accumulations research to understand questions of assemblage formation. Good examples include Aldenderfer 1981a, 1981b; Ammerman and Feldman 1974; David 1972; de Barros 1982; DeBoer 1974, 1985; Hatch, Whittington, and Dyke 1982; Kintigh 1984; Lightfoot 1994; Mills 1989a; Orton 1982; and Schlanger 1990, 1991.

CHAPTER 3. SEDENTISM AND MOBILITY IN THE MESA VERDE REGION

1. Petersen (1986, 1987a, 1988) also evaluates changes in the length of the growing season by examining the bristlecone pine tree-ring record from the Almagre Mountains in the central Colorado Rockies. These data are not included because the Almagre Mountain bristlecone pine chronology is poorly suited for reconstructing temperature in southwestern Colorado for the following reasons: (1) it is a tree-ring sequence with poor time-sequence properties, (2) there is no proof that such tree-ring sequences are sensitive to mean annual temperature, and (3) Four Corners climate is not related to that of the Front Range (Jeffrey S. Dean, personal communication, 1996).

2. Force and Howell’s reconstruction is virtually identical to Karlstrom’s (1988) for the Black Mesa region, and the local processes emphasized by Force and Howell do not explain the synchroneity of arroyo cutting across the entire southern Colorado Plateau.

3. Force and Howell (1997) also argue that ancient farmers in McElmo Canyon took advantage of the aggrading conditions for floodwater farming between A.D. 900 and 1300. Floodwater farming focused on manipulating water from the side canyons entering McElmo Canyon from the north, but evidence also exists for water control features on the main channel of McElmo Creek. Minimum sediment accumulation rates were between 1.5 and 2.5 meters per 100 years, a figure that could not be representative of the entire Holocene because this would have produced deposits more than 150 to 250 meters thick (Force and Howell 1997). The rapid deposition was due in part to agricultural practices; ancient farmers were selecting areas of rapid aggradation, and their agricultural practices intensified the process of aggradation. Habitations were located close to these agriculturally desirable places but on the less active parts of the aggrading system: high spots on alluvial fans, old terrace remnants on valley flanks, valley edge talus and bedrock exposures, and other inactive portions of the floodplain.

Force and Howell suggest these agricultural activities might have triggered another period of entrenchment in the following ways: (1) floodwater farming areas along the McElmo increased the size of the northside fans, which in turn constricted the main channel, thereby increasing its gradient; (2) habitation and agriculture would have cleared vegetation, resulting in reduced bottom cohesion and increased susceptibility of the main channel to entrenchment; and (3) sediment impoundment behind agricultural features would have decreased the sediment load. It is clear, however, that entrenchment did not occur until well into the A.D. 1200s, and these localized human activities do not explain why arroyo cutting occurred at the same time across the entire southern Colorado Plateau.

Pueblo III habitation sites and agricultural features located on the fans just above the active floodplain were abandoned in the early 1200s. The post-abandonment stratigraphy at these sites clearly indicates that the hydrologic system continued to aggrade after these small sites were abandoned. Their abandonment was not the result of changing hydrological conditions but instead seems to have been a part of regionwide changes in settlement patterns that characterized the Mesa Verde region beginning in the early to middle 1200s. These changes included the shift to aggregated settlement, canyon environments, and defensible site locations (Varien 1998; Varien et al. 1996). In sum, entrenchment did not begin until at least the middle 1200s and occurred over many decades. It is therefore unlikely that it was the sole cause of abandonment and mobility in McElmo Canyon or in the other drainages of the Mesa Verde region.

4. Nelson and Anyon (1996) argue that this fallow valley pattern can be expected under the following conditions: (1) relatively intensive agriculture such that a portion of the community works in fields throughout the growing season, (2) low regional population density, and (3) a situation in which resources other than agricultural land constrain the length of the stay, requiring long-distance population movement in order to allow the regeneration of critical resources.

CHAPTER 4. MEASURING HOUSEHOLD RESIDENTIAL MOBILITY

1. Cook’s contributions to accumulations research can be found in the following publications: Cook 1946, 1972a, 1972b; Cook and Heizer 1965, 1968; Cook and Treganza 1947, 1950; Treganza and Cook 1948.

2. Kleindienst and Watson (1956) were also among the first to challenge archaeologists to study living communities, but they were concerned with establishing a more secure basis for analogical interpretations of archaeological materials. Binford’s research was particularly influential in shaping these early studies; his interest in both cultural and natural formation processes spans decades (Binford 1962, 1968, 1976, 1978a, 1978b, 1979, 1981a, 1981b).

3. Among other topics, these studies examined the function, use-life, and discard of artifacts (Arnold 1990; Coles 1979; Deal 1985; Gould, Koster, and Sontz 1971; Hayden and Cannon 1983; Murray 1980; Tani 1994); the factors that structure site layout (Arnold 1991; Kent 1991a, 1992; Killion 1990); and how social organization and activity areas can be inferred at occupied or recently abandoned sites (Bonnichsen 1973; David 1971; Longacre and Ayres 1968).

4. Aldenderfer (1981a, 1981b), Ammerman and Feldman (1974), Hatch, Whittington, and Dyke (1982), Kintigh (1984), Lightfoot (1992a), Orton (1982), Schlanger (1990), and Shott (1989) all used simulations to examine aspects of this relationship.

5. Much of this work has been pioneered by Kohler and his colleagues (Kohler 1978; Kohler and Blinman 1987; Nelson, Kohler, and Kintigh 1994). Kohler (1978) used the principles of the discard equation in a simulation to estimate population size and growth rate and to evaluate political complexity at a site in Florida. Kohler and Blinman (1987) examined the total accumulation of pottery on Basketmaker III and Pueblo I sites in the Dolores River valley in southwestern Colorado, using these data to evaluate the seasonality of site occupation. Nelson, Kohler, and Kintigh (1994) refined these earlier estimates and employed pottery accumulations in estimating the occupation span of Dolores-area sites. Schlanger also focused on artifact accumulations in Dolores sites to simulate the effects of occupation span on assemblage composition (Schlanger 1990) and to examine the accumulation of ground stone artifacts (Schlanger 1991). Wallace (1995) used similar techniques to estimate pottery accumulation for Tonto Basin households to address the question of the scale of pottery production and exchange.

6. See Arnold 1988; Bedaux 1987; Birmingham 1975; David 1972; David and Hennig 1972; Deal 1983; DeBoer 1974, 1983, 1985; DeBoer and Lathrap 1979; Gill 1981; Hagstrum 1987; Kramer 1985; Longacre 1985; Longacre and Skibo 1994; Miller 1985; Nelson 1981, 1991; Pastron 1974; Stark 1985; Weigand 1969.

7. The temperature gradient between the heated and unheated portions of the vessel can range between 300° and 6oo° C (Pierce 1998). The external surface of the vessel expands more than the interior of the vessel, and the base expands more than the upper portions of the vessel (Pierce 1998). The cooler portions of the vessel act as a restraining force to the vertical and horizontal expansion of surfaces. This results in compressive stress on the exterior surfaces, tensile stress on the interior surfaces, and shear stress vertically within the vessel wall (Pierce 1998). The opposite occurs as the vessel cools (Rye 1981:27; Rice 1987:229). This stress is relieved by micro-cracking (Rye 1981; Pierce 1998), and spalling or catastrophic macro-cracking can occur when these stresses exceed the vessel’s strength (Bronitsky 1986:250).

8. Several experimental studies have examined how potters could control pore space and manipulate temper as a means of controlling crack propagation (Braun 1983, 1987; Bronitsky and Hamer 1986; Rye 1976; Steponaitis 1983; West 1992). These experiments report a number of contradictory conclusions, including whether the addition of fine temper or coarse temper is the better means of promoting thermal stress resistance. West (1992) has conducted the most comprehensive experiment evaluating how temper relates to thermal stress resistance. He separates strength from toughness as distinct properties of pottery. Strength is resistance to initial cracking due to impact, whereas toughness is the ability to absorb substantial amounts of energy (West 1992:18). He argues that cooking pots may have been the first pottery designed to maximize toughness by absorbing fracture energy through crack deflection, branching, and blunting so that cracking occurs in a stable, as opposed to catastrophic, manner (West 1992:19). West’s experiment addresses how toughness is achieved through the addition of temper.

9. The magnitude of error is illustrated by substituting the mean values for size of the San Mateo household cooking pot inventory and the use-lives of these vessels (Nelson 1991:177) into the discard equation. The equation predicts that 81 vessels would be discarded in a single year, whereas Nelson reports that only 12 vessels are replaced each year.

10. Lightfoot presented slightly different numbers in earlier publications interpreting the dating at Duckfoot (Lightfoot 1992b, 1993). The differences are due to the fact that only dates with a vv suffix were interpreted as noncutting dates in the earlier publication. In his most recent publication, Lightfoot also considers dates with the suffix ++ to be noncutting dates. Thus, a date of 851++B was interpreted as a cutting date in the earlier publications but as a noncutting date in his most recent publication.

11. There are earlier clusters of cutting dates present at this site, beginning in the A.D. 820s. These could be interpreted as initial site occupation, thereby extending the estimate of length of occupation to 50 or 60 years. Lightfoot (1992b, 1994), however, interpreted the timbers that provided the 820s dates as wood that was salvaged from abandoned sites in the immediate vicinity of Duckfoot. His interpretation is supported by cross-cultural studies of earthen architecture similar to that found at Duckfoot. These studies indicate that earthen buildings typically last between 6 and 12 years, rarely exceed 15 years without extensive remodeling, and have an upper limit of 20–30 years even with remodeling (Ahlstrom 1985:82–90, 638; Cameron 1990; Diehl 1992; McIntosh 1974; Schlanger 1987:589). Extensive remodeling of Duckfoot structures—including the complete rebuilding of pit structure roofs—was documented (Lightfoot, Etzkorn, and Varien 1993; Lightfoot 1994:23). Therefore, site use-life of 20–25 years is possible, but the longer estimate of 50–60 years is unlikely. The pottery from this site is also consistent with a site occupied between A.D. 850 and 880; if site occupation began in the 820s, higher frequencies of earlier types would be expected (see Blinman 1986a:69–79; 1988c). In sum, the available evidence overwhelmingly supports the interpretation that the minimum length of time Duckfoot was occupied was 20 years, and that the maximum duration of occupation was no greater than 25 years.

12. Pit structure 4 may have replaced pit structure 2—which was the only pit structure with an unburned roof and some secondary refuse on the floor—in the last years of occupation at Duckfoot.

13. In the analyses that follow, sherd weights are used when available. This is because sherd counts vary dramatically with the degree of vessel fragmentation, but weights do not (Egloff 1973; Evans 1973; Gifford 1916; Solheim 1960; see Pierce et al. 1998 for a discussion of the systematic differences between counts and weights in pottery assemblages from tested sites in the Sand Canyon locality).

14. The rim-arc analysis uses polar coordinate graph paper and follows the methods outlined by Egloff 1973. Polar coordinate graph paper has graduated concentric circles and radial lines that mark angles in increments from o° to 360°. Rim sherds are matched to the concentric circles on the graph paper to determine the size of the vessel orifice, and these measurements are used to determine size classes of vessels. When the rim sherd is matched to the correct concentric circle on the graph paper, the proportion of the vessel can be estimated using the graduated radial lines. Lightfoot (1994:75) also devised a method for counting and measuring the lengths of rim sherds that could not be matched to the polar coordinate graph paper because they were too small or had an irregular shape. He then wrote a simple computer program (1994:75) to accumulate the total degrees of arc represented by each size class, and these arc totals were divided by 360 to produce the minimum number of vessel estimates for each size category. Finally, the length totals for each form class were incorporated by summing the lengths and then dividing by the average rim circumference for that form class, as calculated from the reconstructed vessel assemblage from Duckfoot.

15. The weight estimate was produced by taking the number of vessels for each form and size category, multiplying it by the average weight of that vessel class in the reconstructed vessel assemblage, and then summing the results for all gray wares.

16. Lightfoot’s definition of the household differs from that offered by archaeologists working on the Dolores Archaeological Project (Kohler and Blinman 1987:7; Wilshusen 1988b). DAP archaeologists argued that pit structures during the A.D. 850–880 period were shared by two to three households, each household having its residence in the surface room suite. Lightfoot’s analysis of Duckfoot architecture and floor artifact assemblages support his interpretation. Seen in this light, the architectural suite as defined by Lightfoot has continuity through time, and the kiva units of the later Pueblo II and III periods would be analogous residential units (Lipe 1989).

17. Lightfoot (1994:79, table 4.5) reports the estimated number of small, medium, and large cooking pots discarded at Duckfoot. I divided these numbers by the estimate of the occupation span (20 to 25 years) and the number of households (3), which yields the number of cooking pots in each size category discarded per year per household. The inverse of this is the use-life of an individual cooking pot.

18. These numbers are taken from Kohler and Blinman’s figure 2 (1987:8). The rate per pit structure corresponds to Lightfoot’s annual rate per household.

19. The difference between the Kohler and Blinman (1987) accumulation rate and the Nelson, Kohler, and Kintigh (1994) accumulation rates stems primarily from the fact that Kohler and Blinman used data only from Grass Mesa Village, whereas Nelson and colleagues used data from nine sites in the Dolores River valley. This produced slightly different figures for the estimates of total discard and the average sherd weight.

20. Dolores data are from Nelson, Kohler, and Kintigh (1994:126–127). On the basis of data from Duckfoot, I determined that cooking pot sherds were 57.5 percent of the total pottery assemblage; I reduced the point estimates for the amount of total pottery at the Dolores sites to this amount (i.e., 57.5 percent) to determine the number of cooking pot sherds. Duckfoot data include material from the midden only (Lightfoot and Etzkorn 1993:318, 336), which ensures that only screened contexts are used. At Duckfoot, cooking pots were 62.4 percent of the total gray wares; I reduced the number of total gray wares in the midden to this amount (i.e., 62.4 percent) to determine the number of cooking pot sherds in the midden.

CHAPTER 5. HOUSEHOLD RESIDENTIAL MOVEMENT IN THE SAND CANYON LOCALITY

1. For each sampling stratum, I calculated the percentages (using counts) of Pueblo II versus Pueblo III decorated white wares that were assigned to traditional types. These percentages were then used to partition the corrugated sherds in each sampling unit into Pueblo II and III portions. This procedure was used for the sampling strata in the centers of the 13 tested sites, but the outer periphery sampling strata typically had too few decorated white ware sherds to enable this procedure to be followed. The outer periphery contained two sampling strata; the northern outer periphery sampling stratum surrounded the architecture and inner periphery sampling strata, and the southern outer periphery sampling stratum surrounded the midden sampling stratum (Varien 1998). I used the relative percentages of Pueblo II and III decorated white wares from the architecture and inner periphery sampling strata to divide corrugated sherds in the northern outer periphery, and the relative percentages of Pueblo II and Pueblo III decorated white wares from the midden to divide the corrugated sherds in the southern outer periphery.

2. Lightfoot (1994:146) distinguishes between the family, which is a unit of kinship, and the household, which is a coresidential group—a distinction prevalent in anthropology since the 1950s (Bender 1967; Fortes 1958). As noted by Lightfoot, the household is the preferred unit of analysis in archaeology because it is recognized on the basis of the activities it performs rather than on the basis of the kin relations of its members. This behavioral definition of the household has been promoted by a number of archaeologists and anthropologists because it emphasizes “activities and patterned associations between activity groups” (Lightfoot 1994:146), which we can potentially reconstruct from the archaeological record. While acknowledging that we do not know the kin relations between members of Duckfoot households, Lightfoot (1994:158) suggests that each pit structure suite might have housed an extended family that included smaller, infrahousehold groups. Lightfoot (1994:162) argues that the Pueblo I pit structure suite as the architectural correlate of a large household is a pattern that persisted in the form of kiva suites in the subsequent Pueblo II and III periods.

3. If these point estimates are correct, the original interpretation of these sites (Varien 1998) must be reconsidered. I previously argued that these sites were constructed in the early A.D. 1200s and abandoned by the middle 1200s, when the major period of construction at Sand Canyon Pueblo occurred (Bradley 1993). The pottery assemblages from these sites support the interpretation that they were occupied earlier than Sand Canyon Pueblo (Hegmon 1991; Varien 1998). Thus, the sites were originally interpreted as having been constructed between 1210 and 1220 and abandoned by sometime between 1240 and 1250, giving the sites a 20–40 year period of occupation. The point estimates suggest that either the initial occupation of the site was earlier than previously interpreted or the occupation of these sites overlapped to a greater degree with Sand Canyon Pueblo. The tree-ring dates may therefore represent remodeling events rather than initial construction, and the true beginning date for these sites could be as early as 1180. This early construction date, in combination with the long site occupations, would still be consistent with the pottery assemblages present.

CHAPTER 6. COMMUNITY PERSISTENCE IN THE SAND CANYON LOCALITY

1. These strata are interpreted as culturally deposited unburned roof fall for several reasons. First, the sediments lack any of the sorting by particle size that would have occurred had they been transported by wind or water and deposited gradually as an intact roof deteriorated. Second, adobe, calcium carbonate, and artifactual inclusions within the stratum are too large to have been transported there by wind, and the inclusions are not eroded as would be the case had they been transported by water. Third, there is no evidence of bedding planes within the strata; instead, inclusions are oriented at random angles to one another. Fourth, chunks of unburned adobe, many with beam impressions, are present as inclusions. Finally, it is important to remember that the timbers in kiva roofs are below the courtyard surface. This means that if the roofs were abandoned and left intact to decay naturally, all of the roof timbers would eventually have to be incorporated in the structure fill. The absence of any evidence for roof timbers—either rotting wood or stratigraphic dislocation structures—in the strata covering the floor or anywhere in the structure fill sequence is further evidence that the timbers were salvaged at the time these structures were abandoned.

2. In the case of Sand Canyon locality structures, I believe the most important factor conditioning whether timbers were salvaged or abandoned was distance to the next occupied site. In the general model of abandonment behaviors outlined earlier, the presence or absence of de facto refuse was also conditioned by whether the abandonment was planned or unplanned and gradual or rapid. The burned Sand Canyon locality kivas, where there is abundant de facto refuse, do not appear to have been rapid/unplanned abandonments; instead, the burning appears to have been planned. The long-distance move that accompanied the abandonment of these structures did not permit people to salvage timbers or return to the abandoned site repeatedly to salvage materials.

3. The cultural fill includes one case from Lookout House where household refuse (i.e., ashy sediments, charcoal, abundant and varied charred botanical remains, discarded artifacts, and discarded animal bone) was deposited in an abandoned kiva; there the artifact density was over 1,300 artifacts per cubic meter. The other cases of cultural fill include small, abandoned, earth-walled pit structures at Kenzie Dawn Hamlet that were deliberately filled with refuse lacking the ashy sediments and botanical remains that characterize most household refuse. There artifact density was approximately 400 artifacts per cubic meter. These cases provide examples of artifact density in different types of culturally deposited fill, providing a baseline for the interpretation of artifact density in natural and mixed fills.

4. The fill was judged to be naturally deposited (largely due to the absence of ashy sediments), but the artifact density in these cases indicates that people were depositing artifacts in these strata.

5. The criteria that distinguish mixed fills from natural deposits include the presence of inclusions not oriented to the bedding planes and the absence of clearly defined sorting by particle size. Mixed fills do not include the ashy sediments or construction debris that characterize trash fills.

6. Whether cutting or noncutting, the date is derived from the outermost ring on the tree-ring sample. Cutting and noncutting dates are distinguished from each other by codes provided by the tree-ring laboratory. Following commonly accepted practice, I identify cutting dates as those specimens with the suffix B, G, L, c, r, or v (or a combination of these suffixes), so long as the ++ code is not attached. Conversely, all samples with the suffix vv or samples with ++ attached to any suffix are classified as noncutting dates (Ahlstrom 1985:31; Dean 1985; Robinson, Harrill, and Warren 1975:6). Tree-ring dating is accurate because the tree-rings correspond to annual events (at times even seasonal accuracy is possible), and they are precise because replication of the dating process invariably produces identical results. With cutting dates that are labeled B, G, L, c, or r, the “dated event” is the last ring produced by the tree and therefore the date of the death of a particular tree or limb (Ahlstrom 1985:38; Dean 1978a:226; Lightfoot 1994:25). In the case of samples coded v or samples with + attached to the suffix, the relationship of the last ring to the death of the tree or limb is less certain, and the sample may be slightly earlier than the last recorded tree ring. I include v and + dates as cutting dates because the potential early bias of these samples is minimal and is always less than five years (Ahlstrom 1985:35, 38–39, 611–614; Dean 1985).

7. A noncutting date results when rings are missing from the outermost surface of a specimen. The relationship of the last dated ring (the noncutting date) to the true death date of the tree is unknown. In dating individual structures, large clusters of noncutting dates are interpreted as resulting from specimens missing only a few rings, and therefore cutting dates can still be approximated (Ahlstrom 1985:58; Dean 1978b:146).

Noncutting dates (n = 1,126) from the Sand Canyon locality provide a much larger sample that can be used to examine gaps in the cutting-date record. There are multiple modes, or clusters, in the distribution of noncutting dates, suggesting that timbers were harvested throughout the A.D. 950 to 1290 period (Varien 1997:155). The 712 noncutting dates from Chapin Mesa further support the usefulness of clusters of noncutting dates; periods with the fewest noncutting dates correspond roughly to periods with the fewest cutting dates, including the early 700s, the early 900s, the late 1000s to 1150, and the 1220s (Varien 1997:157–159). Clusters of noncutting dates suggest that timbers were harvested relatively continuously over a long period on Chapin Mesa. Together, the cutting and noncutting dates suggest that timber was harvested continuously for a minimum of 300 years (between 1000 and 1300), and nearly continuously for 600 years (between 600 and 1300).

CHAPTER 7. THE SOCIAL LANDSCAPE IN THE MESA VERDE REGION

1. Conference participants were asked to examine the regions in which they did fieldwork and to locate all known sites larger than 50 structures that dated between A.D. 1150 and 1300. My colleagues and I at Crow Canyon, with the help of many archaeologists and local landowners, began to gather these data for the Mesa Verde region in southwestern Colorado and southeastern Utah. (Although many consider the Mesa Verde region to include the part of New Mexico that lies north of San Juan River, that area, the Totah region [McKenna and Toll 1992], was treated as a separate region at the conference.) Data collection included archival research, networking with archaeologists and others, aerial coverage of the study area, and a reconnaissance of a majority of the known large sites. The results of this conference, including the settlement pattern data, have recently been reported (Adler 1996a; Varien et al. 1996).

2. I would like to thank Kristie Arrington, David Breternitz, Jerry Fetterman, Steve Fuller, Linda Honeycutt, Winston Hurst, Jim Judge, Sandy Thompson, and Bill Lipe for contributing to the final review of the community center database.

3. The sites are Far View, Casa Negra, Yellow Jacket Pueblo, Mitchell Springs Pueblo, Yucca House, Lancaster Ruin, the Carvell Ruin, and Hedley Ruin.

4. Oak Tree House is a good example. Tree-ring dates indicate that initial construction occurred in the late A.D. 1100s and early 1200s, or during Period 3. However, I infer that its peak occupation dates to the period after 1225 and include it only in Period 4.

5. Wilshusen (1991, 1995) has tracked population movement out of the Dolores Valley in the north-central Mesa Verde region in the late A.D. 800s, and also the settlement of large, dispersed communities in the Cedar Hill area near the Colorado-New Mexico border on the southern edge of the Mesa Verde region. These Cedar Hill communities formed in the decade after the large, aggregated communities of the Dolores Valley were abandoned. Wilshusen’s (1995:43–73) description of the Cedar Hill communities provides the most thorough discussion of the settlement patterns and community organization for the early 900s in the northern San Juan region. These community settlement patterns also appear to describe the Period 1 communities that formed in the central Mesa Verde region between 950 and 1050.

The Cedar Hill communities are dispersed settlement clusters in which residential sites are grouped around a great kiva. Wilshusen (1995:73–80) argues that these communities—when compared with the large, aggregated villages found throughout the Mesa Verde region in the middle to late 800s—represent a dramatic reformatting of the social landscape and political economy of these northern San Juan communities.

There are also indications that the Chuska Valley and Chaco Canyon, located to the south of the Mesa Verde region, experienced population growth and the development of new communities during the 900s (Thompson 1994; Windes and Ford 1992). In addition to the Cedar Hill area, the Chuska Valley and the Chaco drainage may be areas that received immigrants from the Mesa Verde region in the early 900s, and these groups may have returned to the Mesa Verde region in the late 900s and early 1000s.

6. Observations about site size and settlement pattern in Period 1 are supported by every intensive survey in the central portion of the Mesa Verde region (Fetterman and Honeycutt 1987; Greubel 1991; Hayes 1964; Neily 1983; Rohn 1977). Survey on Cedar Mesa, Utah—the western edge of the Mesa Verde region as defined in this study—documented a hiatus in occupation during this period (Matson, Lipe, and Haase 1988). Excavations yielding tree-ring dates have confirmed the presence of habitation sites dating to late in this period in the Sand Canyon locality (Kent 1991b) and in many other localities in the central Mesa Verde region (Gillespie 1976; Hill 1985; Kuckelman and Morris 1988; Lancaster et al. 1954; O’Bryan 1950). It is worth noting, however, that most of these small habitation sites date to the early 1000s, not the 900s.

7. Mesa Verde-region sites that have been labeled Chacoan outliers include Escalante Ruin (Thompson 1994), Lowry Pueblo (Martin 1936), Yucca House, and the Lake View Group, which comprises three sites: Wallace (Bradley 1988), Haynie, and Ida Jean Ruins. These sites have many of the attributes traditionally used to identify Chacoan great houses: a compact, symmetrical, planned layout; massive construction; banded, coreveneer masonry; blocked-in, above-ground kivas; and large rooms (Lekson 1991; Marshall et al. 1979; Powers, Gillespie, and Lekson 1983).

8. Surveys in the central portion of the Mesa Verde region all document trends similar to those reported by Adler for the Sand Canyon locality: increased household clustering that resulted in some larger roomblock-kiva complexes; increased clustering of roomblocks to produce multiroomblock sites; and a greater disparity in site size between the largest and smallest residential sites. Looking beyond the Mesa Verde region, these trends characterize settlement in other areas on the Colorado Plateau. For example, this type of settlement pattern is similar to what has been termed the Scribe S phase in the Zuni region (Watson, LeBlanc, and Redman 1980:203–205). Considerable variation in settlement pattern is present in Period 3, however. On Cedar Mesa, for example, site size remains small, and large, multiroomblock sites are not present in the surveyed areas of the mesa.

9. The Bass Complex is a good example of this type of multiroomblock site. In the Sand Canyon community in Period 3, the largest multiple roomblock site remains centered on Casa Negra, which is a Period 2 community center. In the Goodman Point community, there are several large multiroomblock sites, including Shields Pueblo, which is located in the same general area as a possible Period 2 great house and great kiva (Adler 1990:258–261). Tree-ring dates from Shields Pueblo indicate that it was occupied in both Periods 2 and 3. There is also a large great kiva that probably dates to Period 3 located approximately 500 meters south of Shields Pueblo.

10. To calculate cost-equivalent kilometers, I used IDRISI and the same map algebra that I used to create the friction surface for the Mesa Verde region. With them I created a new friction surface of nearly level terrain (a 2-degree slope was used because I assumed that no terrain would be entirely level). I determined the cost (in terms of energy) of moving across 1 kilometer on this nearly level terrain. The cost-equivalent distance between two points anywhere in the Mesa Verde region was then calculated simply by dividing the cost of moving between any two points in the Mesa Verde region by the value of moving across 1 kilometer on the nearly level terrain. The method for calculating cost-equivalent kilometers is presented in greater detail in Varien 1997: Appendix B.

11. One cluster of Period 3 community centers (containing four sites with small polygons, and six polygons in all) occurs in the area centered on Mesa Verde National Park. The second, and larger, cluster (18 relatively small polygons) is in the area between McElmo Creek and Squaw Canyon. An area with two larger polygons separates these two concentrations of denser settlement. A final, less distinct cluster of large sites occurs in southeastern Utah between Montezuma Canyon and Comb Ridge (eight sites with relatively small polygons).

12. One group on Mesa Verde proper includes 13 sites of greater than 50 rooms. One of these villages, Oak Tree House, is the community center located in the southeasternmost portion of the study area, and its location results in this center’s having a large polygon. Yucca House is located on the western edge of the large polygon that separates the Mesa Verde group of large sites from the concentration of large villages north of McElmo Creek. A total of 36 villages is located in this group, which stretches north from McElmo Creek on the south to Lancaster Ruin on the north, and from Yellow Jacket Pueblo on the east to Montezuma Creek in southeastern Utah on the west.

13. Ian Thompson first pointed out to me that the largest Mesa Verde sites occurred in a narrow axis running southeast to northwest through the region, and he pointed out that this axis became narrower through time. Identification of a core area within the Mesa Verde region (termed the central Mesa Verde region) owes a great deal to Thompson’s observations about Mesa Verde-region settlement patterns.

14. The Mancos Canyon site (5MT2350) was excavated and found to be a multiple component habitation. Stratigraphically, the great kiva and two associated masonry rooms were the last buildings constructed at the site. The great kiva burned, and the latest cutting date was A.D. 973, indicating that construction occurred at approximately this time (Farmer 1977:284, 302). The great kiva was interpreted as an intercommunity integrative structure that probably replaced similar structures dating slightly earlier, in the late 800s and early 900s (Farmer 1977:285; Gillespie 1976:69). The Mancos Canyon group of sites is important because it is in one of the few areas in the Mesa Verde region where there appears to have been continuity of occupation from the late 800s through the late 900s. The use of masonry architecture at site 5MT2350 is also interesting because buildings found elsewhere in the Mesa Verde region at this time still had predominantly earthen construction (Varien 1998). The buildings at this community center are larger and more substantial than architecture at surrounding residential sites in Period 1, a pattern that characterizes settlement patterns in the later periods.

15. The spatial contraction of the most densely populated areas in the Mesa Verde region further isolated the population from other large-site settlement systems in surrounding regions (see Adler 1996a for the locations of large sites in the surrounding regions). There are almost certainly no large sites to the north or east of the Mesa Verde region. To the southeast, the closest large sites are those of the Totah region. The nearest large Totah sites are located along the lower La Plata River approximately 30 linear kilometers southeast of Oak Tree House. Aztec Ruin, the largest site in the Totah region, is approximately 55 linear kilometers from Oak Tree House. To the northwest there is a large site in Fable Valley, approximately 70 linear kilometers from Arch Canyon Pueblo in the northwest corner of the study area. To the west, survey on Cedar Mesa indicates that population peaked during Period 4, but residential sites remained small, occurring in loosely clustered aggregates (Matson, Lipe, and Haase 1988:253, 258). The large sites in the Kayenta region are located over 100 linear kilometers to the southwest. And to the south, large sites are scattered in an area south of the San Juan River and west of the Carrizo, Lukachukai, and Chuska Mountains. The closest is Pancho House, located over 80 linear kilometers away. Sites PE-8 and PE-9 in Alcove Canyon in the Carrizo Mountains and Mummy Cave and White House in Canyon de Chelly, along with Kinlichee, Klagetoh, and Kin Tiel, are other prominent large sites in this area; all are located between 100 and 200 linear kilometers to the south. Thus, the central Mesa Verde region became increasingly isolated from other concentrations of large sites in the decades prior to abandonment of the region, which is an important factor to consider when discussing the population movement that accompanied this abandonment.

16. On the basis of Dean Wilson’s examination of surface pottery, Thompson (1994:17) argued that Reservoir and Emerson Ruins dated from the middle of the eleventh century to the early twelfth century. Tree-ring dates from Escalante Ruin indicate that it was constructed later, in the A.D. 1120 to 1140 period. For the Lake View group, Bradley (1988:8–14) interpreted tree-ring dates to argue that the initial construction at Wallace Ruin dated to approximately 1045 (and perhaps earlier) and that construction continued into the 1120s (this site also has a reoccupation dating to the 1200s [Bradley 1988:16]). Wallace Ruin, therefore, was almost certainly contemporaneous with at least portions of the occupations at the other two community centers in the Lake View group, Ida Jean and Haynie. Thus these multicommunity clusters do not appear to have been entirely sequential occupations.

17. These include the Finley Farm complex and the Pigg Site in the Lowry area; Ten-Acre Ruin and Brew’s Site number 1 on Alkali Ridge; Carol’s Ruin and Kristie’s Ruin in upper Hovenweep Canyon; Casa Negra, the Goodman Point great kiva, and Shields Pueblo in the Sand Canyon locality; and the Battleship Rock and Site 34 community centers on Mesa Verde.

18. These include Stevenson Pueblo and Rohn 84 in the Yellow Jacket Canyon area; the Thompson, McVicker, Miller, Gardner, and Fuller sites in the upper Hovenweep Canyon area; Big Spring Ruin and Hibbets Pueblo in the lower Hovenweep Canyon area; Lew’s Site, Ruin Canyon Pueblo and Cow Mesa 40 in the Ruin and Cow Canyon area; the Spook Point, Papoose Canyon, and Brewer Well sites in the lower Squaw Canyon area; the Berkeley Bryant and Bob Hampton sites in the upper Squaw Canyon area; and Ruin Spring Ruin and Wetherill’s Chimney Rock in the middle section of Cottonwood Wash in southeastern Utah.

19. There were 10 community centers on the eastern edge of the study area that were abandoned by the end of Period 2. There is also abandonment by the end of Period 2 of community centers on the south edge of the study area (Red Pottery Mound, Bluff Cemetery), on the west edge of the study area (Et al. Site), and on the north edge of the study area (Edge of the Cedars, Carhart Ruin). A major topic for future empirical studies will be whether these abandoned communities were incorporated into other Mesa Verde-region communities or whether community members emigrated from the Mesa Verde region.

20. We can begin to understand what happens to communities on the edge of the Mesa Verde region by examining the specific cases. In the area surrounding Mesa Verde National Park, the nearest Period 4 neighbors for the Period 3 large sites are either Oak Tree House or Spruce Tree House. Survey in the areas around Oak Tree House and Spruce Tree House indicates that these two villages probably formed from local populations living in dispersed communities on the mesa tops in the period before the Period 4 large sites were formed (Rohn 1977). It is unlikely that the more distant Period 3 communities in this area (Lion House, Hoy House, Battleship Rock, Kiva Point, and Site 34) moved to form the large, aggregated communities in Period 4. Survey of the eastern portion of Mesa Verde National Park indicates that it was largely abandoned in Period 4 (Smith 1987:67). But many small Period 4 cliff dwelling have been documented in the western portion of the park and in the canyons just south of the Mancos River.

In the southwestern portion of the study area, the Period 3 community centers near the San Juan River (Jackson’s Montezuma Bench Site number 2, Tsitah Wash complex, Aneth Archaeological District, and Greasewood Flat Ruin) all have a Period 4 nearest neighbor of the Hovenweep Cajon Ruin. Hovenweep Cajon Ruin is the smallest of the Period 4 community centers, with approximately 40 to 50 structures, and it therefore could not account for all of the community members emigrating from the Period 3 large-site communities along the San Juan River. Thus, these Period 3 communities may have remained in place with no aggregated site, or community members may have emigrated to other communities either within or outside of the Mesa Verde region.

On the western edge of the study area on Cedar Mesa, survey has documented many small sites dating to Period 4 (Matson, Lipe, and Haase 1988), and it is likely that these small sites were organized into some type of community. Population estimates for Cedar Mesa during this period range between 500 and 1,500 people (Matson, Lipe, and Haase 1988:253). In the area between Comb Wash and Montezuma Canyon, the distance between community centers in successive periods is not much greater than 7 kilometers. Here I am referring to the Period 3 community centers Mouth of Mule Canyon Ruin, Nancy Patterson, Five-Acre Ruin, Gravel Pit, Decker, and Black Mesa Quartzite Pueblo and their Period 4 nearest neighbors. Thus we may see relative continuity of communities in this area, but with catchment areas and movement at a slightly greater scale than we see along the densely settled axis in the central Mesa Verde region.

On the northern edge of the study area, the Period 3 Red Knobs site is interpreted as having been abandoned in Period 4. There are small Period 4 cliff dwellings and tree-ring-dated sites in the area around Red Knobs, and the community in this area may have remained in place as a dispersed community with no large Period 4 site. The Carvell Ruin was another large Period 3 community center located on the northern edge of the study area. The nearest neighbor to Carvell is Lancaster Ruin, but it is unlikely that Lancaster received emigrants from Carvell because Lancaster itself had a Period 3 occupation, and Lancaster appears to have declined in size between Periods 3 and 4.

21. To examine the tree-ring data further, I looked at the distribution of the 3,405 noncutting dates from the A.D. 900 to 1300 interval (Varien 1997:220). It is interesting that the decades with the fewest noncutting dates generally correspond to periods when there were also few cutting dates: the 910 and 930 intervals, the decades of the 1090s and 1100s, and the 1150 to 1170 interval. That the histograms showing more than 5,000 cutting and noncutting dates are similar suggests an important point: that the low modes truly are periods when fewer trees were harvested.
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47 Pedro Point 53.8 Y
48 Hedley Main Ruin 331.2 N
49 Hovenweep Square Tower 221.8 Y
50 Hovenweep Cajon Ruin 1,476.9 N
51 Coalbed Village 291.2 N
52 Hibbets Pueblo 20.1 Y
53 Bradford Canyon-Head Ruin 313.0 N
54 Deadman’s Canyon-Head Ruin 213.6 Y
55 Ute Gravel Pit Site 390.6 Y
56 Ruin Spring Ruin 312 N
57 Radon Spring Ruin 320.3 Y
58 Wetherill’s Chimney Rock 984.4 N
59 Arch Canyon Pueblo 2,357.2 N
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MINIMUM 80% CONF. POINT
SITE/COMPONENT ESTIMATE INTERVAL ESTIMATE
Troy’s Tower, PIII 3 8-18 13
Mad Dog Tower, PIII 4 7-11 9
G and G Hamlet, PII 8 14-18 16
G and G Hamlet, PIII 10 16-21 19
Lillian’s Site, PIII 23 40-59 49
Roy’s Ruin, PIII 30 51-74 62
Shorlene’s Site, PIII 32 54—76 65
Kenzie Dawn, PII 1 20-32 26
Kenzie Dawn, PIII 15 28-51 40
Lester’s Site, PIII 13 24-39 3
Lookout House, PIII 7 15-36 25
Stanton’s Site, PIII 17 46-107 75
Catherine’s Site, PIII 18 29-38 33
Saddlehorn Hamlet, PIII 3 14-32 23
Castle Rock Pueblo, PIII 14 24—41 33
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SITE/COMPONENT PT. EST. 6% CONE. INTERVAL 80% CONF. INTERVAL 95% CONE. INTERVAL

G and G Hamlet, PII 106,886 94,571-119,201 90,876-122,896 82,256-131,516
G and G Hamlet, PIII 123,950 109,749-138,151 105,489-142,411 95:548-152,352
Lillian’s Site, PIIT 327,465 277:986-376,944 263,142-391,788 227,518-427,412
Roy’s Ruin, PIII 414,297 354244474350 336,228-492,366 204,190-534,404
Shorlene’s Site, PII 430,440 373,571-487,309 356,510-504,370 315,564-545,316
Kenzie Dawn, PII 170,176 139,575-200,777 130,395-209,957 108,975-231,377
Kenzie Dawn, PIII 792,646 616,784-968,508 564,026-1,021,266 440,923-1,144,369
Troy’s Tower, PIII 86,110 59,257-112,963 50,664-121,556 29,987-142,233
Lester’s Site, PIII 417191 339:464-494,918 316,146-518,236 261,736-572,646
Lookout House, PIIl 508,965 355,034-662,896 308,854-709,076 198,024-819,906
Stanton’s Site, PIII 498,753 337:159-660,347 285,449-712,057 165,869-831,637
Catherine’s Site, PIII 443,512 395,953-491,071 381,686-505,338 347,444-539,580
Saddlehorn Hamlet, PIII 154,039 108,060-200,018 93,347-214,731 54,943-250,135
Mad Dog Tower, PIIL 61,088 50,236-71,940 46,871-75,305 38,841-83,335

Castle Rock, PIII 2,818,742 2,274744-3,362,740 2,116,985-3,520,499 1,741,626-3,895,858
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POLYGON COMPLETELY

MAP AREA BOUNDED?
NO. SITE (KM?) (YES/NO)
1 Lion House 977.2 N
2 Hoy House 54.5 Y
3 Battleship Rock cluster 63.7 Y
4 Kiva Point 408.9 N
5 Site 34 37.5 Y
6 Far View House 93.8 Y
7 Mitchell Springs 1,162.9 N
8 Mud Springs 641.8 N
9 Yellow Jacket Pueblo 1,328.0 N
10 Goodman Point Great Kiva 38.7 Y
u Shields Pueblo 79.2 Y
12 Griffey Ruin 40.0 Y
13 Casa Negra 179.6 Y
14 Rich’s Ruin 25.2 Y
15 Bass complex 42.4 Y
16 Lancaster/Pharo Ruin 100.2 Y
17 Carvell Ruin 344.0 N
18 Herren Farms 31.6 Y
19 Head of Hovenweep Mesa-Top Ruin 33.8 Y
20 Finley Farm/Charnel House/Ray Ruin complex 23.9 Y
21 Pigg Site 13.9 Y
22 Mockingbird Mesa-Top Ruin 226.8 Y
23 Kristie’s Ruin 8.8 Y
24 Carol’s Ruin 15.2 Y
25 Kearns Site 140.0 Y
26 Lower Cow Canyon Ruin 31.6 Y
27 Brewer Pueblo 83.2 Y
28 Lower Squaw Mesa Village 123.6 Y
29 Hedley Middle Ruin 323.1 N
30 Nancy Patterson Pueblo 378.7 Y
31 Montezuma Village I 296.9 N
32 Tsitah Wash complex 995.1 N
33 Aneth Archaeological District 285.3 N

continued on next page
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POLYGON  COMPLETELY

MAP AREA BOUNDED?
NO. SITE (KM?) (YES/NO)
1 Cliff Palace 137.9 Y
2 QOak Tree House 1,056.7 N
3 Spruce Tree House 131.6 Y
4 Square Tower House 7.7 Y
5 Site 20% 23.2 Y
6 Double House 43.9 Y
7 Spring House 1.6 Y
8 Kodak House 1.9 Y
9 Long House 2.0 Y
10 Ruin 16 23.3 Y
1 Mug House 17.9 Y
12 Bowman'’s Pueblo 62.6 Y
13 Yucca House 593.2 Y
14 Moqui Spring Pueblo 401.2 N
15 Cowboy Wash 617.2 N
16 Yellow Jacket Pueblo 2,034.1 N
17 Goodman Point Pueblo 263.8 Y
18 Rohn 84 10.3 Y
19 Stevenson Site 13.4 Y
20 Easter Ruin 19.0 Y
21 Sand Canyon Pueblo 71.0 Y
22 Rohn 150 32.1 Y
23 Castle Rock Pueblo 128.2 Y
24 Woods Canyon Pueblo 40.3 Y
25 Lancaster/Pharo Ruin 339.1 N
26 Beartooth Ruin 30.2 Y
27 Gardner Ruin 25.4 Y
28 Miller Pueblo 3.3 Y
29 McVicker Homestead Ruin 2.4 Y
30 Little Cow Canyon Pueblo 32.2 Y
31 Thompson Site 15.8 Y
32 Yellow Jacket Floodplain Mesita Ruin 67.8 Y

continued on next page
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ESTIMATED % OF MEAN  TOTAL % OF

NO. OF VESSEL VESSEL SHERD SHERD
VESSEL FORM VESSELS ASSEMBLAGE WEIGHT WEIGHT ASSEMBLAGE
(®)] (G)
Small cooking jar 134.3 34.3 583 78,297 12.4
Medium cooking jar 122.5 313 1,635 200,288 31.6
Large cooking jar 48.8 12.5 2,551 116,836 18.4
Olla 49.0 12.5 4,083 200,067 31.6
Miniature jar 14.4 3.7 126 1,814 0.3
Seed jar 3.0 0.8 1,655 2,043 0.3
Bowl 19.0 4.9 681 34,542 5.4

Total 391.0 100.0 1,616  633,887°  100.0






OEBPS/html/images/30_1.png
COLORADO |
Denver

i
i
|
|

Arkansas River

and Canyon.
Pueblo
San duay Rwer T MESA
______ VERDE

SA.Z'
~

Chaco Canyon
L

Eastem
Pueblos

Albuquerque

0}
Gran Quivera

CHIHUAHUA

Gulf of

Califomia ®Casas Grandes o 150 300
L ) —
‘ kilometers
| [ 100 200
. | ]
r ‘miles
\ N
(' KEY
3 ® Archaeological site or historic Pueblo
' A Modern city
——) AY






OEBPS/html/images/63_1.png
Spruce/pine
polien ratio

Dolores &
Verde
ree fing indices

Agricultural
productivity PDSI

T
1150

T
1200

1
1300





OEBPS/html/images/86_1.png





OEBPS/html/images/108_1.png
MAX.
MIDDEN

SITE/SITE NUMBER LOCATION ROOMS/KIVAS ~ TOWER  DEPTH (CM)  COMPONENT'

Lillian’s Site (sMT3936) Mesa top 7-101 1 57 Late PIII, late PII

Roy’s Ruin (sMT3930) Mesa top s-7h 1 4 Late PIII, late PII

Shorlene’s Site (sMT3918) Mesa top s-7h 1 50 Late PIII, late PII,

MIIT

Troy's Tower (sMT3951) Mesa top oh 1 29 Late PIII

G and G Hamlet (sMTn338) Mesa top 3-sh o 48, 45 Early PIIL, late PII

Kenzie Dawn Hamlet (sMTsis2) ~ Mesa top 6-102 o s0 Early PIIL late PII,
BMIII

Lester’s Site (sMT10246) Talus slope 3-52 o 60 Late PIII

Lookout House (sMT10459) ‘Talus slope 5-10/2 1 40° Late PIII

Stanton’s Site (SMT10508) ‘Talus slope 3-sh 1 125 Late PIII

Catherine’s Site (sMT3967) Talus bench 5-7/2 r 9 Late PII

Mad Dog Tower (sMT181) Lower Sand Canyon 11 1 25 Late PIII

Saddlehorn Hamlet (sMT262) Lower Sand Canyon 35/ 1 90 Late PIII

Castle Rock Pueblo (sMTi825) Lower Sand Canyon 50-75/16 1 120 Late PIII
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POLYGON COMPLETELY

MAP AREA BOUNDED?
NO. SITE (KM?) (YES/NO)
1 Morris 20 709.5 N
2 O’Bryan’s Weber Canyon Pueblo 399.7 N
3 O’Bryan’s Prater Canyon Pueblo 98.7 Y
4 Far View House 149.8 Y
5 Mouth of Navajo Canyon great house 363.7 N
6 Red Pottery Mound 856.5 N
7 Yucca House 375.0 Y
8 Wallace Ruin 115.8 Y
9 Haynie Ruin 711 Y
10 Ida Jean Ruin 39.6 Y
1 Emerson Ruin 481.7 N
12 Reservoir Ruin 708.1 N
13 Escalante Ruin 333.1 N
14 Hartman Draw 103.8 Y
15 Mitchell Springs 164.6 Y
16 Yellow Jacket Pueblo 352.9 N
17 Goodman Point great house 107.0 Y
18 Casa Negra 375.4 Y
19 Uncle Albert Porter 170.6 Y
20 Carvell Ruin 320.6 N
21 Ansel Hall 84.1 Y
22 North Lowry great house 94.6 Y
23 Lowry Pueblo 68.5 Y
24 Casa de Valle 40.6 Y
25 Upper Squaw Mesa Village 419.4 Y
26 Carhart Ruin 186.1 N
27 Hedley West Hill Ruin 196.6 Y
28 Three-Kiva Ruin 505.4 Y
29 Montezuma Village I 212.4 N
30 Jackson’s Montezuma Creek Bench Site #1 1,633.5 N
31 Moki Island 324.4 N
32 Edge of the Cedars 224.0 N
33 Bluff Cemetery 1,344.5 N
34 Cottonwood Falls 472.0 N
35 Arch Canyon 539.3 N
36 Et al. Ruin 1,364.2 N
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AREA (KM?) IN AREA (KM?) IN AREA (KM?) IN
SITE 2-KM RADIUS  7-KM RADIUS  18-KM RADIUS

Mancos Canyon great kiva 4.2 45.9 300.8
Sand Canyon locality great kiva 8. 65.0 375.3
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BEST

RANGE ESTIMATE NO. OF

SITE/COMPONENT (YEARS) (YEARS) GENERATIONS
Troy’s Tower, PIII 8-18 13 2

Mad Dog Tower, PIII 7-11 9 1?

G and G Hamlet, PII 14-18 16 1

G and G Hamlet, PIII 16—21 19 1
Lillian’s Site, PIII 40—60 49 2+
Roy’s Ruin, PIII 51-74 62 3
Shorlene’s Site, PIII 54-76 65 3
Kenzie Dawn, PII 20-32 26 1+
Kenzie Dawn, PIII 55—102 80 4
Lester’s Site, PIII 36—60 46 2+
Lookout House, PIII 30-72 50 2+
Stanton’s Site, PIII 46-107 75 3+
Catherine’s Site, PII1 4458 50 2+
Saddlehorn Hamlet, PIII 14-32 23 1+
Castle Rock Pueblo, PIII 24-41 33 1+
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TIME PERIOD <2 KM (%) 2-7 KM (%) >7 KM (%)

Period 2 to Period 3 30 17 53
Period 3 to Period 4 39 18 43
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