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ABSTRACT

Recent excavations at large Early Agricultural Period village sites in
Tucson, Arizona have greatly increased archaeological knowledge about the
introduction of agriculture into the U. S. Southwest. The sites of Los Pozos
(AZ AA:12:91 [ASM]), Las Capas (AZ AA:12:111 [ASM]), and AZ AA:12:92
(ASM) yielded very large faunal assemblages dating to the Middle Archaic, San
Pedro, Early Cienega, and Late Cienega phases, spanning the introduction of
Mesoamerican domesticates. This dissertation compares the fauna from these
sites to a large database of published faunal material from sites dating to the
Middle Archaic through Classic Hohokam periods in southern Arizona. Faunal
assemblages provide an important body of data on the social and economic
changes that occurred before, during, and after the introduction of agriculture
into this region. Farming societies developed within the context of small animal
dominated hunting economies, with a strong focus on cottontail rabbits
(Sylvilagus sp.) and jackrabbits (Lepus sp.) as the protein staple.
Intensification of agricultural and hunting strategies throughout the Hohokam
sequence is reflected in the impact that growing human populations had on the
environment surrounding their villages and fields, which can be seen through
changes in the relative proportions and ubiquity of small animals, especially
rodents. Hunting intensification mirrors these changes, with significant
increases in diet breadth occurring before the introduction of agriculture and

during the Sedentary and Classic periods, corresponding with the highest



15

prehistoric populations. Increases in diet breadth can be seen in the use of low-
ranked taxa, such as fish and birds, and also in the willingness of hunters to
travel greater distances in the search of large game, especially deer (Odocoileus
sp.) and bighorn sheep (Ovis canadensis) from upland environments. Large
village sites from the Early Agricultural Period suggest that fully agricultural
communities developed very early on the floodplains of southern Arizona.
Although these societies emerged out of intensive Middle Archaic hunting
adaptations, it is not until the Sedentary and Classic periods that the faunal
evidence points to any further increase in site-use intensity and diet breadth,
suggesting that even these large early villages had economic and landscape-use

patterns similar to Middle Archaic foragers.



16

CHAPTER 1: INTRODUCTION TO PROBLEM AND THEORETICAL
BACKGROUND

Early ceramic-bearing sites in the Santa Cruz Valley with pit structures,
large storage pits, abundant midden accumulations, and burials suggest
sedentism, agriculture, and ceramics appeared together in the Sonoran
Desert region, and that this shift occurred earlier than researchers once
assumed [Bayman 2001:268].

.. .the first stage toward development of a sedentary, maize-dependent way
of life in the Sonoran Desert occurred during the Late Archaic period. At
this time mobility patterns. . .were reduced to a transhumant pattern
involving seasonal movements between large floodplain settlements and
smaller upland campsites. . . We suggest, however, that these settlements

were neither maize dependent nor truly sedentary [Whittlesey and Ciolek-
Torrello 1996:53].

The past decade has revolutibnized our understanding of early agriculture
in the greater Southwest. Prior to the 1990's, interpretations of the first domestic
economies in this region were largely based on upland cave sites, which
generally had few corn remains and little evidence for residential stability (Wills
1988, 1990, 1995). In contrast, village sites found more recently in Arizona, as
well as excavations in northern Chihuahua, New Mexico, and Sonora, have
produced evidence that the Early Agricultural Period economy may have been
unexpectedly intensive, combining substantial architectural investment, high
frequency of corn remains in the archaeological deposits, reliance on storage, and
irrigation agriculture (Damp et al. 2002; Ezzo and Deaver 1998; Freeman 1998;

Gregory 2001; Gregory and Mabry 1998; Hard and Roney 1998; Huckell 1990,
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1995, 1996a; Mabry 1998a; Villalpando 1999).

These village sites have led some researchers to the conclusion that
societies that could be described as "Neolithic", or practicing a completely
"Formative lifestyle” (sensu Whittlesey and Ciolek-Torrello 1996), appeared
quite suddenly in the Southwest (Bayman 2001:268). This would be in contrast
to many other parts of the world, where sedentism, domestic plants, and pottery,
were adopted or developed at separate times, aé populations adapted in various
ways to new subsistence challenges or opportunities. However, data from these
early village sites are not as easily understood as the above quote from Bayman
suggests. The sequence of events that led to the first domestic maize entering
the Southwest is not well known, nor is it clear how sedentary these early village
populations were, or how reliant on agriculture or ceramic technology (S. Fish
and Fish 1994; Gregory 2001; Gregory and Mabry 1998; Huckell 1995, 1996a;
Mabry 1998a; Minnis 1985, 1992; Roth 1996b; Whittlesey and Ciolek-Torrello
1996; Wills 1988, 1990, 1995; Wills and Huckell 1994).

The classic model for the diffusion of agricultural products into the U.S.
Southwest was articulated by Emil Haury (1962). Based on excavations at
upland cave sites, which formed the primary database on early agricultural
societies in the Southwest at that time, Haury suggested that agriculture first
appeared in the better-watered upland environments, and from there moved into
the Southwest along the Mogollon corridor. In his view, Late Archaic

populations in the Southwest continued to live highly mobile lives, with little in
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the way of permanent villages, despite the occasional use of domestic resources.
Not until 2000 years after the first corn arrived in the upland areas of the
Southwest did domestic crops disperse from the Mogollon highlands into the
desert basin and range. Haury's model suggests that maize spread across a pre-
existing forager society, and that Mexican domesticates were not particularly
important in these early Southwestern economies (Ford 1981; Matson 1991;
Minnis 1992; Wills 1990).

Parts of Haury's model were based on incorrect dates from some of the
earliest corn remains in the Southwest. With the reanalysis of materials from
Bat Cave, it became obvious that the chronology of early agriculture would
change (Berry 1982, 1985; Berry and Berry 1986; Matson 1991; Wills 1988).
By the mid 1980's, new dates and new sites suggested that tropical domesticates
were found throughout the Southwest by 3000-2000 B.P. (Simmons 1986). The
new dates threw doubt on the belief that the highlands were the corridor for the
introduction of tropical domesticates, since many of the earliest corn remains
were found in the desert basins (Gregory 2001; Gregory and Mabry 1998; but
see Wills 1995). So far, maize from the lower elevations does appear to be at
least as early as any found in the upland areas. However, continuing excavations
in the Mogollon corridor are pushing back the dates for the earliest introduction
of maize into the upland region as well (Huckell and Huckell 1999).

While upland cave sites with early corn remains appeared to have been

occupied by fairly mobile Late Archaic communities with very little reliance on
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maize cultivation, large village sites in valley and floodplain environments of the
greater Southwest suggest that upland cave sites represent only part of the
overall subsistence strategy practiced by Early Agricultural Period peoples.
Some early maize cultivators may have had very little reliance on the domestic
plants, but the river valleys and better watered regions of the Southwest may
have supported more intensive agricultural adaptations from the earliest
introduction of domestic economies into the region (Damp et al. 2002; Fish, Fish
and Madsen 1990, 1992b; Mabry 1998a). This theory is supported by
important excavations in the southern deserts, including those at the terraced hill
site of Cerro Juanaquefia (Hard and Roney 1998), the large open-air site of La
Playa (Villalpando 1999), and a series of sites from the Tucson Basin, including
Las Capas, Santa Cruz Bend, Los Pozos, Milagro, Costello-King, Valley Farms,
and Wetlands (Ezzo and Deaver 1998; Freeman 1998; Gregory 2001; Gregory
and Mabry 1998; Mabry 1998a). These sites combine substantial architectural
investment, including pithouses, storage pits, thermal features, wells, terracing,
and irrigation ditches, with high frequencies of corn remains in archaeological
deposits.

These large village sites may be used as evidence for the theory that
agriculture entered the Southwest with migrating villagers from northern
Mexico, who brought with them a complete “Neolithic” package, including
agricultural dependence, ceramics, and sedentism (Berry 1982; Berry and Berry

1986; Bayman 2001). This is further supported by linguistic evidence
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suggesting that corn agriculture and water control techniques spread rapidly into
the Southwest from central Mexico through the migration of Uto-Aztecan
speakers (Hill 2001). However, there is a competing school of researchers who
believe agricultural economies in the Southwest grew out of existing foraging
adaptations. There is disagreement on whether those foraging adaptations were
highly mobile and only casually involved in domestic plant production, or very
heavily involved in intensive manipulation of both wild and domestic plant
resources (Fish, Fish and Madsen 1990, 1992b; Huckell 1995, 1996; Minnis
1985, 1992; Wills and Huckell 1994; Wills 1988).

This dissertation uses zooarchaeological data to explore some of the
fundamental questions about early agricultural adaptations in southern Arizona:
How sedentary were these populations? How intensive were their economies?
How much reliance did early agriculturalists have on domestic resources? What
is the relationship between floodplain villages (or populations) and upland sites
(or populations)? This study uses the sites of Los Pozos, Las Capas, and AZ
AA:12:92 (ASM), the only Early Agricultural Period sites in Arizona with large
zooarchaeological samples (Dean 2003; Diehl 2003; Gregory 2001; Gregory and
Mabry 1998; Sliva 2003; Waters 2003a, 2003b), in conjunction with a large
database of other faunal assemblages dating from the Middle Archaic to the
Proto-historic period, to explore the economic adaptations and ecological

impacts of early agricultural communities.
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Studying Early Agricultural Societies

Agriculturally-based village societies have developed independently in
several regions around the world. Although individual societies took different
paths toward domestic economies, these communities share a basic set of
characteristics, and raise a similar set of questions for the archaeologists who
study them. Theories of agricultural development on a global scale have focused
on "push” vs. "pull” models (e.g. Binford 1968; Boserup 1965; Childe 1936;
Cohen 1977; Flannery 1969, 1973; Hayden 1990). Pull models assume that
sedentism and agriculture are inherently attractive options, and therefore adopted
when possible. Push models, on the other hand, assume that the adoption of
sedentism, and the fairly intensive nature of domestic crop economies, are the
result of pressures brought to bear on the society, such as increased population
density. As population sizes outstrip available resources, subsistence strategies
should shift to encompass resources that were previously considered less
valuable — this is Flannery's "Broad Spectrum Revolution” (Flannery 1969;
Stiner 2001). Thus, economic intensification should precede the adoption of
agriculture, and may lead to the intensive manipulation of plants and animals
that results in domestication (Binford 1968; Flannery 1969; Henry 1989;
Hillman and Davies 1990; Smith 1987, 1995; Stiner 2001).

These same changes in economic and mobility strategies may also be

important for understanding the processes that led to the secondary adoption of
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agriculture. Early agricultural societies may adopt non-native domestic crops as
part of an already intensive economy, as was seen in the southeastern United
States (Smith 1995), or as a casual part of a highly mobile society, which was
the model most widely accepted in the Southwest before the 1990's (Haury

1962; Minnis 1992). It has been suggested that southern Arizona agricultural
economies entered the region with migrants from Mesoamerica (Berry and Berry
1986). This would imply that fully developed village societies entered into a
region where local foraging societies may not have been involved in the intensive
manipulation of local resources. In this case, there would not necessarily be any
evidence for pre-agricultural economic intensification.

Faunal data provide unique opportunities to measure site-use intensity,
defined in this study as people-hours spent in a unit of area. This measure of
demographic pressure is a combination of the length of stay, size of population,
degree and type of environmental manipulation, and frequency of site re-use.
Zooarchaeological data reflect site-use intensity through the impact human
populations had on their local environments, through changes in human diet that
result from those impacts, and through changes in the types and proportions of
non-prey species whose food supply and habitats are sensitive to local
environmental modifications.

This dissertation uses archaeological faunal data to study changes in
mobility, diet breadth, and the degree of environmental manipulation in the time

periods before, during, and after the introduction of domestic plants into
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southern Arizona. Zooarchaeologists in the Southwest have developed a variety
of ways to measure these aspects of human behavior, including diversity indices
(James 1990b; Diehl and Waters 2002), large/small mammal indices (Bayham
1982; Szuter 1991, 1989a; Szuter and Bayham 1996), and the lagomorph index
(Bayham and Hatch 1985a, 1985b; Szuter 1991, 1989a; Szuter and Bayham
1996; Szuter and Gillespie 1994). In addition to using these tools, this study
develops some new methods of measuring diet breadth and anthropogenic
environmental changes. Trends in hunting strategies and prey choice, human
impacts on prey species, and on the habitat of non-prey species, serve as

measures of site-use intensity.

Optimal Foraging Models and Diet Breadth

Prey selection results from an interplay between the benefits that can be
gained from a particular food source and the costs associated with its capture and
processing (Charnov 1976; Kelly 1995:78; Pianka 1978; Stephens and Krebs
1986; Winterhalder 1981; Winterhalder and Smith 2000). Prey species may be
ranked according to their desirability to the hunter, which is a reflection of the
environment, behavior, and morphology of the prey (Styles 1981:48). A prey
species' environment includes its habitat preference; size of home range; annual
or cyclical fluctuations in availability; and aquatic, terrestrial, or aerial
adaptations. The relevant behaviors of a prey species include group size,

population density, migratory patterns, predator avoidance behaviors, and
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predictability of seasonal or daily movements. The final category, morphology,
includes the size of the animal, the amount of edible meat, and its non-
subsistence related attributes, such as its usefulness as a source of raw material
for clothing or tools, or its importance or meaning in social contexts (Styles
1981:48).

Two costs are associated with prey selection: search costs (the amount of
time spent looking for a prey species) and processing/handling costs (the time
associated with the capture, kill, and processing of an animal). In general, large
animals have lower processing costs, since each kill can provide a significant
amount of meat. However, if large animals decline in abundance, due to over-
hunting or environmental changes, then high search costs can be minimized by
including a greater number of smaller animals. Including these smaller taxa will
increase processing costs, since more individual animals will have to be
captured, killed, and processed in order to produce the same amount of meat as
can be found in one larger animal (Kelly 1995:78; Stephens and Krebs 1986;
Winterhalder 1981; Winterhalder and Smith 2000). The optimal diet breadth
should be at the point where search costs and processing costs are minimized
relative to gains.

For reasons of convenience, most archaeological studies assume that the
amount of meat on an animal is acceptable as a rough measure of prey
desirability (Bayham 1982; Szuter and Bayham 1989). This is likely to be true

in most cases. However, other factors, such as prey behavior and habitat
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constraints, affect search and processing costs, and can make otherwise desirable
prey less attractive to hunters. This point is made clearly by Stiner et al. (1999,
2000) in recent research on the effects of predator avoidance behaviors on prey
selection in southwest Asia (see also Munro 2001). Resource depletion and
increasing diet breadth cannot always be seen simply in the number of species
exploited, or in the decrease of large game. Predator avoidance behaviors, and
other aspects of prey adaptations that can affect the work involved in their
capture, are important for understanding how advantageous certain prey will be
in relation to other hunted taxa (Stiner et al. 1999, 2000; Winterhalder and Smith
2000).

In the Southwest, large game species, specifically artiodactyls, are rare in
most archaeological sites. Attempts by Southwestern faunal analysts to study
economic intensification through the proportion of large game in the diet have
been frustrated by the dominance of rabbits in archaeological assemblages
(Bayham 1982; Cannon 2000). It is common for Southwestern faunal
assemblages to consist of 80 percent or more lagomorph remains throughout the
prehistoric sequence (Szuter 1989a, 1991). Because the proportion of large
mammals does not appear to reflect changes in diet breadth during time periods
when many other aspects of human economies were changing, this study will
attempt to measure economic intensification in prehistoric southern Arizona by
focusing instead on increases in birds, fish and other animals whose capture

would require different technology or hunting techniques than the land mammals
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that made up the bulk of the prehistoric diet. Animals capable of flight, or those
found only in water, may be more difficult to hunt, and therefore less desirable
resources. Although quail, water-fowl, and doves, as well as certain types of
fish, are common in undeveloped areas of the Sonoran Desert, they are rare in
most prehistoric archaeological sites in southern Arizona. However, these
animals were more likely to be exploited in late prehistoric periods, especially in
areas of high human population density. Increases in these resources at
archaeological sites provide one method of measuring increases in diet breadth
through time.

Optimal foraging models assume that optimal net yield is the goal of
foraging activities ’(Winterhalder and Smith 2000). The goals of cultural beings,
however, may be significantly more complex. This is why optimal foraging
models are used to test whether the assumption of optimal yield fits the
archaeological data. While food production is a fundamental consideration
underlying hunting behavior, and therefore must be considered first, it is possible
that other goals, such as participating in religious events or maintaining trade
networks, were predominant in prey selection choices under certain
circumstances. The return value that foragers were attempting to optimize may
not always have been calories or protein, but some other aspect of the prey
species, such as the prestige it might bring to the hunter, although these may be
correlated in some cases (Winterhalder and Smith 2000). One of the advantages

to applying optimal foraging models to the archaeological record is that other
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behaviors of interest, such as the social role of hunted meat, or changes in the
organization of hunting, may be made clearer when contrasted with
economically-based predictions.

Regardless, economic and social organization are closely linked, so it is
not surprising that changes in the proportion of artiodactyl remains at
archaeological sites in southern Arizona appear to reflect changes in mobility
and labor organization as well as changing protein needs. Large mammals may
have increased in importance following periods of population aggregation,
freeing some members of the community from agricultural labor and allowing
long-distance hunting (Speth and Scott 1989). Artiodactyl remains also reflect
changes in residential and seasonal mobility across the Archaic to Early
Agricultural Period transition. As was shown originally at Ventana Cave
(Bayham 1982), the increase in artiodactyl remains at higher elevation sites
suggests that upland sites become logistic hunting camps after villages were

founded in the floodplains.

Measures of Anthropogenic Environmental Changes

Changes in residential mobility and economic intensification affect the
impact that human populations have on the habitats and population structures of
plants and animals (Grayson 2001; Linares 1976). The manipulation of edible
plant and animal species can affect the entire ecosystem, not just those species

targeted as food items. This can be seen through the extinction, evolution, or
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changing abundance of small animals that are highly responsive to
anthropogenic micro-environmental changes (Szuter 1989a, 1991; Tchernov
1991). The reaction of species to human modifications of the environment will
vary depending on their habitat and dietary requirements. Some animals may be
driven away by human actions, while others, including many rodent species, are
attracted by abundant food. The ability of some animals to respond positively to
anthropogenic environmental change made commensal animals in southwest
Asia one of the earliest hallmarks of increased sedentism during the Natufian
period (Tchernov 1991),

In southern Arizona, prehistoric populations must have had a profound
effect on their environment (Fish 1995, 2000; S. Fish and Fish 1992:16, 1994,
Fish and Nabhan 1991; Sheridan 2000; Szuter and Gillespie 1994). Building,
planting, irrigating, trash disposal, and other activities, can cause ground
disturbance that attracts seed-bearing plants. These plants provide food for
rodents, rabbits, and deer. Furthermore, seed storage and domestic crops were
attractive food sources, especially to small rodents that could invade storage pits
and buildings. Large-scale irrigation increased the habitat of certain riverine
animals, including fish, mussels, and waterfowl. The changes in abundance of
these taxa provide information on the degree of residential stability as well as
environmental manipulation in prehistoric communities.

‘Variation in the proportionsyof two lagomorph genera have also been used

to measure the impact humans had on their environment (Bayham and Hatch
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1985a, 1985b; Szuter 1991, 1989a; Szuter and Bayham 1996; Szuter and
Gillespie 1994). The two genera of leporids — Lepus and Sylvilagus — have
different habitat preferences and predator avoidance behaviors. Cottontail
rabbits (Sylvilagus audubonii, S. nuttalli, and S. floridanus) prefer dense
underbrush, and they freeze or hide when startled. Dense vegetation gives them
plenty of places to hide, and provides a protected location for their burrows.
Jackrabbits (Lepus alleni and Lepus californicus) prefer open habitats, with less
brush. They run from danger, so they need open space to see predators and to
flee. They do not use burrows (Hoffmeister 1986:127; Orr 1940; Vorhies and
Taylor 1933:476). The Lagomorph Index, used to measure the proportion of
these two genera, is calculated as the NISP (or MNI) of cottontail rabbits divided
by the NISP (or MNI) of all lagomorphs (Bayham and Hatch 1985a, 1985b;
Szuter 1991, 1989a; Szuter and Bayham 1989).

Assuming that the two genera are hunted in proportion to their local
availability, their relative numbers in a faunal assemblage should be a rough
measure of vegetation cover in the environment (Bayham and Hatch 1985b). An
increasing value of the Lagomorph Index (that is, more cottontails), represents
denser vegetation cover in the area around the site. It has been suggested that the
changing proportions of lagomorphs can be used to measure the degree of
landscape clearing for agricultural fields (Bayham and Hatch 1985b; Szuter

1989a, 1991).
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Summary

This dissertation presents an ecology-based study of the roots, emergence,
and evolution of agricultural communities in the desert Southwest. Faunal
remains reflect the hunting decisions, demographics, and environmental impacts
of prehistoric people, and therefore provide an ideal dataset to explore the
ultimate causes of the social and economic changes that took place in southern
Arizona before, during, and after the first introduction of domestic plants. New
excavations, especially by Desert Archaeology, Inc., along the Santa Cruz River
in Tucson, Arizona, have produced substantial faunal assemblages from the
Early Agricultural Period, a critical stage for understanding the transition to
agricultural economies. In this dissertation, I will use these assemblages, as well
as a larger database of published archaeofaunas, to investigate the complex
interactions between people and their environments that led to the emergence of

fully developed agricultural villages.

Chapter Organization
Chapter 2 presents the culture history of southern Arizona, as well as a
description of the Sonoran Desert environment. This chapter places the earliest
agricultural villages into their social and ecological context, with emphasis on
the major pulses of change that are visible in the archaeological record, including

the first small-animal dominated economies in the Middle Archaic, the
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beginnings of agriculture in the Early Agricultural Period, and the Classic period
Hohokam transition. This chapter also discusses the ecological diversity of the
Sonoran Desert. Permanent or semi-permanent water sources and elevation-
related changes in available resources were both important for explaining
prehistoric mobility patterns. Furthermore, the abundance of small mammals in
the Sonoran Desert, and the paucity of large mammmals, significantly limited the
importance of artiodactyls in the diet.

Chapter 3 provides a general description of the faunal assemblages that I
analyzed or assisted in analyzing for this dissertation, including the sites of Los
Pozos, Las Capas, and AA:12:92. These sites represent some of the largest
Early Agricultural Period faunal assemblages in the Southwest. This chapter
includes a description of the methodology, the sites, and the basic faunal data.
The taphonomic factors that affected the sites are also discussed. Chapter 3 also
describes the database of published faunal assemblages from southern Arizona,
spanning the Middle Archaic through Classic Hohokam periods, that I used to
put the early village sites into temporal and geographic context.

Chapter 4 uses rodent remains to investigate questions about site-use
intensity before, during, and after the Early Agricultural Period by looking for
evidence of anthropogenic environmental changes. Rodents are a potential
source of data on the microhabitats that existed within and around human
settlements. Some rodents, such as kangaroo rats (Dipodomys sp.), may have

been attracted to the disturbance vegetation and stored seeds found in village
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areas. Other rodents, such as grasshopper mice (Onychontys sp.), may have
found that village life had few attractions, offering neither increased food nor
improved habitat. The abundance of these different rodent taxa may reflect the
impact prehistoric peoples had on their environment, suggesting changes in the
degree of mobility.

Chapter 5 explores the factors that affect artiodactyl representation in the
archaeological record. I argue that in the Southwest artiodactyls are
inappropriate for studying resource depression. The superabundance of small
animals in the environment, and the scarcity of large animals, suggests that the
hunting of lagomorphs will be favored over the hunting of artiodactyls. In fact,
contrary to normal expectations, because artiodactyls were rare and often found
in areas far from major habitations, the decision to hunt these animals may
represent an intensification of hunting patterns. A variety of other factors, such
as site function, the organization of hunting, and changes in residential mobility
patterns, can be examined through the varying proportions of large mammals.

Chapter 6 explores methods of measuring changes in diet breadth other
than using the relative proportions of small and large animals. Although small
mammals, especially lagomorphs, dominated hunting economies from early in
prehistory, increases can be seen in the use of other resources, such as fish, game
birds, and riparian resources, as population levels rose in the late Hohokam
periods. While lagomorphs were always the central prey species in southern

Arizona, other resources gained in importance during the periods of peak
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population growth, as reflected through evenness indices applied to Archaic and
Hohokam faunal assemblages.

Chapter 7 deals in depth with the lagomorph species that dominate faunal
economies in the Southwest. Most faunal analysts in this region use the
Lagomorph Index , as defined by Bayham and Hatch (1985a, 1985b) and further
developed by Szuter (1991, 1989a; Szuter and Bayham 1989). This chapter
focuses on the meaning of the index, and the many factors that can influence its
values. Although the index is often used as a measure of anthropogenic
environmental change, it can also be affected by hunting method and diet breadth
considerations. Correlations between changing Lagomorph Index values and the
proportion of juvenile rabbits found at the sites of Los Pozos and Las Capas
suggest that communal hunting techniques were adopted in the Early
Agricultural Period to increase jackrabbit yield. Later Hohokam period hunting
intensification may have taken place through the increased hunting of the much
smaller cottontail rabbits.

Chapter 8 concludes this study with a summary of the previous chapters,
and a discussion of the implications of the faunal data for answering some of our
fundamental questions about the Early Agricultural Period in the Southwest.
Animal remains reflect changes in the organization of labor for hunting and other
activities, landscape use and mobility patterns, anthropogenic environmental
changes associated with sedentism and agricultural intensification, and the

broadening of the diet with population growth. The prehistory of Arizona was
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marked by pulses of change in these aspects of society, starting with the
emergence of small-animal dominated economies in the Middle Archaic and
ending with the beginning of economic intensification in the Sedentary period

prior to the Classic-period population aggregations.
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CHAPTER 2: THE ENVIRONMENT AND CULTURE HISTORY
OF SOUTHERN ARIZONA: THE CONTEXT FOR EARLY
AGRICULTURAL ADAPTATIONS

Early agricultural societies in southern Arizona evolved within the unique
environment of the Sonoran Desert. The economic choices of prehistoric
populations were made within the context of the environmental challenges they
faced, and the resources available for consumption. The distribution, abundance,
and predictability of those resources had profound effects on the viability of both
agricultural and foraging subsistence strategies.

The prehistoric cultures that thrived in southern Arizona had a variety of
different economic and social mechanisms for coping with their desert
environment. A more profound understanding of the nature of early agriculture
in the desert Southwest can only come from placing the first domestic villages
into the context of the societies that preceded and followed the first adoption of
maize. This chapter presents an overview of the environment of the Sonoran
Desert, with an emphasis on the challenges and possibilities it presented to early
agricultural peoples. The chapter finishes with a discussion of the cultural
sequence in southern Arizona, including the known economic and social
adaptations prehistoric populations developed for coping with their desert

setting.
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Ecology of the Sonoran Desert

The region from Las Vegas, New Mexico to Las Vegas, Nevada and
Durango, Colorado to Durango, Mexico contains widely variable ecological
zones, and encompasses a vast area (Figure 2.1). This area, sometimes called
the North American Southwest, or Southwestern U.S. and Northwestern Mexico
(SSNM), to emphasize the fact that the region spans two countries, will be
referred to in this study as the “greater Southwest” (P. Fish and Fish 1994;
Huckell 1996a). The northern Sonoran Desert of southern Arizona provides the
back-drop for this study of early agricultural villages. Although the desert itself
does not stop at the international border with Mexico, we have limited
knowledge of the Early Agricultural Period in the state of Sonora. This
discusSion therefore will focus only on southern Arizona.

The northern Sonoran Desert is located in the southern basin and range
region of the greater Southwest. To the east, the lowest basins are around 600 m
in elevation, and the highest mountains are 3050 m, while to the west, the relief
is less pronounced, and the desert basins, on average, lie at a lower elevation.
Rainfall is variable in this region, and an east-west transect of the Sonoran
Desert would show a series of rising and falling values for both elevation and
rainfall across the north-south running basins and ranges. Overall, precipitation
and elevation rise gradually toward the east. Precipitation is 300-400 mm each

year in the eastern deserts, but less than 100 mm per year in the west (Dunbier

1968:6).
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The climate of the greater Southwest is arid, primarily due to the effects
of the North Pacific High, as well as its intermountain location and the cold
Pacific ocean current (Dunbier 1968:15). The Southwest has a bimodal
distribution of rainfall that is critically important for plant growth (Dunbier
1968:19; Fish and Nabhan 1991). Winter rains reach the desert from the
northwest, when the Pacific High is at its southernmost point. Summer rains
arrive from the Gulf of Mexico. In the northern Sonoran Desert, sumimer and
winter rains are nearly equal in their contribution to total precipitation. South of
the Tucson basin, summer rains comprise an increasing proportion of the total
precipitation (Dunbier 1968:20).

Permanent rivers are rare in the Sonoran Desert, but several of today’s
ephemeral rivers may have been permanent or semi-permanent prehistorically,
including the Salt, Gila, Santa Cruz, and San Pedro (Dunbier 1968:20; Roth
1992). Apparently, these rivers were critical for the emergence of agricultural
economies in this region. It is on the floodplains of the eastern deserts (inodern
southeastern Arizona) where the first agricultural villages of the Sonoran Desert
are found. A similar pattern can be seen in Chihuahua and New Mexico, where
the earliest agricultural villages are found along waterways (Damp et al. 2002;
Hard and Roney 1998).

Plant and animal diversity is extremely high in the Sonoran Desert
(Nabhan 2000a), especially toward the northeast, where there is the highest

variability in soil, elevation, landforms, and drainage. Furthermore, bi-seasonal
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rainfall encourages the growth of both winter and summer adapted species
(Dunbier 1968:52; Fish and Nabhan 1991). The elevation changes associated
with the repeating basin and range geology of the region contribute to vegetation
diversity in the northern Sonoran Desert (Figure 2.2; Wittaker and Niering
1965). Economically important plants from quite different biotic communities
can exist within a short horizontal distance (Fish and Nabhan 1991; Roth 1992,

1996b). A wide variety of plant and animal resources with very different
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habitat, temperature, or rainfall requirements, can all be found within only a few

days walk.

Vegetation Zones of the Sonoran Desert

Vegetation zones in southern Arizona vary in relation to elevation
(Wittaker and Niering 1965). Table 2.1 presents vegetation communities in
Arizona, as defined by Nichols (1952; see also Brown 1994). Ponderosa pine
forests (Pinus ponderosa) occur in very isolated patches in the highest
mountains of southern Arizona (those above 2,100 m). In northern Arizona,
these higher elevations tend to be dominated by Douglas-fir (Pseudotsuga
menziesii). Spruces and firs are only found in the highest elevations because
these are the coldest and wettest environments. These trees form dense forests
with little ground cover but with high, open meadows. Although there are few
shrubs in this area, grasses may be found between the trees. Many herbaceous
animals are able to graze in this area, at least seasonally (Nichols 1952:192-
197). Important game animals that commonly occur in montane conifer forests
and mountain meadows include large squirrel species (Sciurus sp. and
Tamiasciurus sp.), and white-tailed deer (Odocoileus virginianus) (Hoffmeister
1986:28-29). On the Mogollon Rim, elk (Cervus elaphus) occur in this
environment, but their prehistoric distribution may have been significantly
different from their historic distribution (Hoffmeister 1986:535-537).

Pinyon-juniper woodlands (Pinus monophyllal/Juniperus osteosperma)
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Table 2.1. Vegetation zones of Arizona (from Nichol 1952 [1937]).

Cover type

Elevation Yearly January

range in  rainfallin  mean

feet inches temperature

July mean
temperature

Prominent
species

Douglas Fir/
Yellow Pine

Pinyon/
Juniper

Encinal and
Mexican
QOak-Pine
Woodlands

Chaparral

Short Grass
(Plains)

6,000- 21-35 27-30
12,0000

5,000- 12-15 35-37
7,000

4,000- 13-16 36-44
5,500

4,500- 10-14 31-36
6,500

61-68

72-74

74-85

72-26

First

Spruces

Pines

Aspen

Gambel oak
Mountain muhly

Pinyon
Junipers
Algerita
Bluestem
Tobosa

Evergreens
Oaks
Chihuahua pine
Apache pine
Juniper

Pinyon
Madrone

Scrub oaks
Sumacs
Algerita
Manzanita
Cliff rose

Blue grama
Galleta
Needle grass
Winterfat
Soapweed
Rabbit brush
Snakeweed




Table 2.1. Continued.
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Cover type

Elevation
range in
feet

Yearly
rainfall in
inches

January

mean

temperature

July mean
temperature

Prominent
species

Mesquite
Grass
(Desert)

Paloverde/
Cacti

Creosote
Bush/
Saltbrush

Mesquite
Bosques

3,200-
5,000

500-
3,500

137-
3,000

137-
2,500

14-18

3-11

3-11

3-11

45-49

34-57

34-57

34-57

77-82

72-94

72-94

72-94

Curly mesquite
Emory oak
Mesquite
Tobosa

Hairy grama
Slender grama
Rothrox grama
Black grama

Palo verdes
Prickly pears
Bursage
Catclaws
Mesquite
Chollas
Sahuaro
Ocotillo

Creosote bush
Saltbrushes
Needle grama
Indian wheat

Mesquite
Screw bean
Dondia
Saltbrush
Arrow-weed

occur along the slopes of the Mogollon Rim, where the mountains rise out of the

Sonoran Desert. South of the Rim, Mexican oak-pine woodlands occur in higher

elevations, below the ponderosa pine vegetation zone. Pinyon pines are not

common in the Sonoran Desert, but they do exist in isolated patches. Pinyon

nuts can provide an abundant source of food where they occur. Modern juniper
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forests may have been more grassy in the prehistoric period, but over-grazing
has created more dense stands of juniper (Nichols 1952:197-200). In northern
Arizona, pronghorn antelope (Antilocapra americana) are common in pinyon-
juniper woodlands, but these animals are very rare in southern Arizona today,
and it is not clear if they were more abundant in the past (Hoffmeister 1986).

Pinyon-juniper woodlands characterize the southern slopes of the
Mogollon Rim, but in most of southern Arizona, encinal woodlands or Mexican
oak-pine woodlands are found at the elevations below the ponderosa pine
vegetation communities (Wittaker and Niering 1965). Encinal woodlands are
evergreen in character, with some junipers and pinyons. In contrast, Mexican
oak-pine woodlands are comprised of oak species (Quercus sp.), Chihuahua pine
(Pinus leiophylla) and Apache pine (Pinus engelmanni), and some pinyon pine
(Hoffmeister 1996:19). White-tailed deer and large squirrels are found in this
area (Hoffmeister 1986:17,28-29).

Chaparral, or brush thicket, is found between desert scrub and oak
woodlands, especially on the southern sides of mountain slopes. This biome is
not widespread in southern Arizona, but can be found along mountain ranges
(Whittaker and Niering 1965). The vegetation is dominated by shrubs and short
trees, with very heterogeneous mixes of plants. Like pinyon-juniper woodlands,
chaparral vegetation may have expanded due to over-grazing, at the expense of
grassland habitats. Fruits from barberry (Berberis sp.) and manzanita

(Arctostaphylos sp.) provide a possible source of foods for prehistoric
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populations (Nichols 1952:200-203). Small birds and rodents are the most
common fauna in chaparral vegetation, but mule deer (Odocoileus hemionus)
can also be found in this area (Hoffmeister 1986:28-29).

Most of the grasslands in southern Arizona belong to the mesquite or
desert grass type. Desert grasses are found along the mountain ranges between
900-1,400 m., and are made up of a variety of species, especially grama grasses
(Bouteloua sp.), that provide excellent grazing. Cholla and prickly pear
(Opuntia sp.), mesquite (Prosopis sp.), and desert hackberry (Celtis spinosa) are
also found in this area (Nichols 1952:206-209), and wildlife is more abundant
than in many other vegetation zones of the southern deserts. Mule deer,
pronghorn antelope, jackrabbit (Lepus sp.), cottontail rabbit (Sylvilagus sp.),
prairie-dog (Cynomys sp., where available), and scaled quail provide hunting
opportunities (Hoffmeister 1986:28-29; Nichols 1952:206-209).

Paloverde/cacti vegetation communities occur in higher and rougher
terrain in the deserts of southern Arizona. Paloverde (Cercidium sp.) is the
dominant tree but dense stands of saguaro (Carnegiea gigantea) also occur. In
the western deserts, ironwood (Olneya ?esota) and acacia (Acacia sp.) are more
common than paloverde in this vegetation zone. Cacti are abundant, including
chollas and prickly pears, as are several types of gourds. Grama grasses are also
present, but may be less prevalent now than in prehistoric times, due to grazing
pressures. Winter and summer annuals are both available in this area, including

perennial grasses in the winter. The extreme variability of rainfall, as well as bi-
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seasonal precipitation patterns, are important for creating vegetation diversity in
this desert zone (Nichols 1952:212-218). Lagomorphs, especially jackrabbits,
bighorn sheep (Ovis canadensis), and mule deer are found in this area
(Hoffmeister 1986:28-29).

Creosote bush/saltbush vegetation is wide-spread in the southern deserts,
especially in less rugged terrain, shallow valleys, and sandy soils. Creosote bush
(Larrea tridentata) is dominant in the western deserts, where precipitation levels
are generally lower. Indian wheat and grama grasses also grow well. Desert
saltbush (Arriplex polycarpa) grows in periodically flooded areas with deep
soils, which makes it a hallmark of soils with agricultural potential. In
southeastern Arizona, creosote bush may be replaced by tar-bush (also known as
blackbrush, Flourensia cernua) and acacia (Nichols 1952:218-222).

Mesquite bosques are found along water courses, where the mesquite and
cottonwood trees (Populus fremontii) can find underground water. Hackberry,
amaranth (Family Amaranthus), sacaton grass (Sporobolus airoides), and other
plants are found among the trees, especially after the summer rains. These
forests were found historically along the San Pedro, Santa Cruz, Gila and lower
Colorado (Nichols 1952:222-226). These riparian resources were particularly
important as food sources for prehistoric people in southern Arizona (Fish and

Nabhan 1991).
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Implications for Prehistoric Adaptations

Although the environment cannot determine cultural adaptations, the
environmental context in which agricultural societies emerged is important for
understanding why people chose to develop domestic economies in southern
Arizona. Some resources in the Sonoran Desert are limited by low rainfall and
high temperatures, while the diversity of environmental zones found in close
geographic proximity would place a variety of resources within easy reach of
human settlements. Water availability, the paucity of large animal species, and
the highly variable nature of arid environments would have strongly affected the
economic decisions made by prehistoric people.

Hunting decisions, in particular, must have been affected by the scarcity
of large animals in the southern deserts. Although very rich in plant taxa, the
Sonoran Desert is poor in large ungulate species. Only four species are
commonly found: mule deer, white-tailed deer, bighorn sheep, and pronghorn
antelope. Not only are there few ungulate species, but they live at low
population densities compared to many other parts of the world. Ungulate
species’ distributions are often spatially discrete, with some, such as white-tailed
deer, found only in higher elevations (Hoffmeister 1986:545). In contrast, most
prehistoric habitation sites are found on the basin floors and lower bajadas,
closer to sources of water and lowland plant resources, but potentially quite far

from the optimal ungulate hunting grounds (Fish and Nabhan 1991:30). Despite
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the richness of mammalian taxa found in the Sonoran Desert, little of it was
significant to the prehistoric inhabitants. Mammalian taxonomic diversity is
expressed mostly in a wide range of rodent and bat species, and few of these taxa
were large enough to be economically important (Hoffmeister 1986; Tyburec et
al. 2000). However, much of the Sonoran Desert is excellent habitat for
lagomorph species, particularly desert cottontail rabbits and black-tailed
jackrabbits. These species provided the bulk of the hunted diet for much of
prehistory (Szuter 1989a, 1991).

Water availability was a limiting force that strongly affected settlement
patterns and mobility throughout southern Arizona. Due to low annual
precipitation, agricultural communities were most likely to be successful along
perennial rivers and in areas with a high water table. Along the Salt and Gila
Rivers, irrigation agriculture was extremely fruitful and supported large
populations (P. Fish and Fish 1991). Productive farm lands, the presence of
water for domestic use, and the availability of riparian plant species, such as
mesquite, were all factors in prehistoric settlement patterns that spread linearly
along rivers and canals, in the low-lying areas of desert basins (Fish and Nabhan
1991). It is not coincidental that the core of the Hohokam culture, as well as the
largest modern populations in Arizona, are located found along the largest
permanent rivers in the area.

Away from rivers with predictable water flow, however, the scarcity and

variability in rainfall led farmers to rely more on alternative agricultural
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strategies. Farming in these areas was dependent on floodwater from ephemeral
streams or took advantage of the water runoff and new soils that developed on
alluvial fans (ak-chin farming) (Fish 2000; Gasser and Kwiatkowski 1991b). In
areas where irrigation networks were not possible on the scale seen along the
Salt/Gila, agricultural societies may have had to rely more heavily on wild plants,
as well as the cultivation of drought-tolerant crops like agave, and the use of
technology to control floodwater and rainfall runoff on fields (Fish et al. 1985; P.
Fish and Fish 1991, Fish 2000; Fish and Nabhan 1991; Gasser and
Kwiatkowski 1991b).

In non-riverine areas of the Sonoran Desert, settlement patterns were more
dispersed than those seen along perennial rivers, and the dependence upon
agricultural crops may have been lower (P. Fish and Fish 1991; Gasser and
Kwiatkowski 1991b). This dispersed settlement pattern may have been
advantageous for floodwater/runoff farmers because it was important to be in the
fields during rainfall in order to divert water into (or out of) planted areas (Fish
and Nabhan 1991:38). Furthermore, the high diversity and abundance of edible
desert plants allowed populations to focus on wild resources as an alternative to
agricultural crops with higher water needs. As a result, settlements or seasonal
camps may have been formed in areas with productive wild resources, such as
the bajada areas where cacti are abundant, despite that fact that these areas were
not always productive for domestic crops (Fish and Fish 1992; Gasser and

Kwiatkowski 1991b). In the regions with the lowest rainfall, agricultural
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adaptations may not have been possible at all. Historically, the western deserts
of southern Arizona were inhabited by groups of hunters and gatherers that
coexisted with the agricultural people who lived in areas where irrigation and
floodwater farming were possible. This may have been the case prehistorically,
as well (Crosswhite 1981; Fish and Nabhan 1991:29).

Extreme variability in rainfall, not just a lack of rainfall, is one of the
defining features of arid regions (Williams and Balling 1996). Variability in the
food supply would have affected both foraging and farming societies in southern
Arizona. Asis common in arid and semi-arid areas (Keeley 1995), prehistoric
peoples in the Sonoran Desert were heavily dependent upon plant foods.
Southern Arizona had a great variety of edible plants, but the extreme variability
of precipitation in arid lands made risk minimization strategies vital.
Precipitation variability strongly affects year-to-year vegetation yield in arid
regions, and the effects are magnified in the changing density of animal
populations (Hulme and Kelly 1993).

Foraging societies and early agricultural populations in the Sonoran
Desert would have had to adapt to the natural variability of arid land
productivity. Intensification of the economic system may have been favored by
the variability and diversity of habitats located within short distances in southern
Arizona. For example, foragers might find that the rich resources of the riverine
environments were adequate to support their population on a permanent or semi-

permanent basis, especially when they were located near the base of a mountain
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that could provide other resources that could be exploited logistically (Fish et al.
1990). This pattern of land use could be strengthened by the adoption of
agriculture, which increases the resources available in the floodplain
environments, while still allowing exploitation of upland resources (Wills and
Huckell 1994).

There is archaeological evidence to suggest that agricultural
intensification was one risk management strategy adopted by prehistoric people.
The variability in agricultural techniques mentioned above, including irrigation
networks, floodwater/runoff farming along ephemeral washes, and ak-chin
farming, increased the likelihood that at least some fields would be successful in
any given year (Fish 2000; Gasser and Kwiatkowski 1991b). Both
archaeologically and ethnographically documented water-control technology,
including canals, terraces, rock piles, checkdams, and silt traps, allowed a variety
of different fields, located at different elevations and habitat zones, to be brought
into the agricultural system (Fish and Nabhan 1991:47). Many different crops
could be raised in these fields, including maize in better-watered areas, and
agave or even tended or cultivated cacti in areas with less predictable water
resources (Fish et al. 1985, Gasser and Kwiatkowski 1991b:426).

The natural productivity of the Sonoran Desert was augmented by cultural
modifications to the environment. In some cases, this took the form of toleration
for weedy annuals, grasses and mesquite trees within and around fields as

supplementary or alternative sources of food (Fish 2000; Fish and Fish 1992;
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Gasser and Kwiatkowski 1991b). The presence of these plants, as well as
certain animal species, was encouraged by the ground disturbance that came
from agricultural activities such as clearing and planting fields and building
canals (Fish 2000; Fish and Nabhan 1991; Gasser and Kwiatkowski 1991b;
Szuter 1989a, 1991). Canal irrigation also created new riparian environments,
where important plant and animal foods, like mesquite and fish, could be found
(Fish and Nabhan 1991:44; James 1994, 2003). These anthropogenic
environmental changes would have increased the likelihood that some important
food items could be found within the area around the site, even in bad years.

Although increasing sedentism and greater intensification of the
agricultural economy is one way that societies could cope with environmental
variability, mobility is another strategy commonly employed to handle potential
short-falls in productivity.

Mobility, whether logistic or residential (Binford 1980), could be used to
increase food yield relative to time investment by moving on to new resource
areaks when patches of food have been used up or depleted. In the Southwest,
this could mean movements between riparian zones where certain plants, like
mesquite, were common, and upland regions where artiodactyl species were
more abundant (Roth 1989, 1992, 1996b; Whittlesey and Ciolek-Torrello 1996).
Alternatively, if population densities were low, then groups could have practiced
linear movement along rich riparian zones to take advantage of fresh patches of

food. However, agricultural systems have certain demands on labor that are not
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necessarily compatible with high mobility. Agriculture demands time
investments for planting, tending, and harvesting during specific seasons. Long-
term storage of food is also more secure if storage features are not abandoned.

Historical records suggest that Tohono and Akimel O’odham populations
minimized their subsistence risk in the desert environment through movement
and exchange. The Tohono O’odham, who did not always have access to
permanent water sources, had less of a reliance of domestic plants, and would
move bi-seasonally from summer farms along the floodplains to permanent
water sources on higher slopes. Akimel O’odham populations on the Middle
Gila were full-time agriculturalists, but a significant portion of their diet came
from wild plants found in riparian areas, such as mesquite, as well as trade in
wild plant and animal foods with more mobile populations (Crosswhite 1981;
Gasser and Kwiatkowski 1991b).

Although it is tempting to use the seasonal movements of historic period
peoples as a model for the past, this may not be a valid comparison.
Specifically, lower population levels in the historic period and introduced crops
and herd animals were significant catalysts for change. The bi-seasonal
movement of the Tohono O’odham may be a response to the water needs of
cattle herds, which would not have been a factor for prehistoric people (P. Fish
and Fish 1991:153; Fish and Nabhan 1991:51). Furthermore, it is unlikely that
the large villages and intensive agricultural practices of the Classic period

Hohokam reflect a significantly mobile population.
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On the other hand, some of the factors that encouraged permanent
settlements along the Middle Gila in the historic period were post-Contact
additions to native economies of southern Arizona. The introduction of wheat as
an important winter crop may have encouraged year-round sedentism among
irrigation agriculturalists. Furthermore, the Akimel O’odham in historic times
traded for non-local food-stuffs within the region and even with other parts of
the Southwest and Mexico. However, this trade in the historic period was
facilitated by horses, and trade in high-bulk, easily spoiled items like food would
have been less extensive when it was reliant on human power. Most flotation
samples from Hohokam sites have yielded only local plant material from the
desert basins and bajadas, with no sign of long-distance trade of food (Fish and
Nabhan 1991:41).

Prehistorically, integrated communities allowed for agricultural
intensification and shared risks between subsistence activities in different
environmental zones. These communities included large habitation sites in areas
where irrigation farming was possible, but also many dispersed rancherias in
areas where wild plants and animals could be found and where dry farming
methods could be used, such as rock pile fields for agave (P. Fish and Fish
1991:165; Fish and Fish 1992; Fish 1995; Fish et al. 1985). Communities
integrated the different ecological zones that are found within short
geographical distances in the Sonoran Desert, and allowed both specialization

and exchange within and between communities (Fish and Fish 1992; Gasser and
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Kwiatkowski 1991b). The multiple agricultural techniques and differential
access to water and other resources found in the different parts of these
communities would have augmented the chances of adequate harvests
regardless of conditions in individual micro-habitats. Population aggregation
during the Classic period would have further increased the labor available to
invest in community-level agricultural improvement projects, such as canals and
other water-control technology (P. Fish and Fish 1991:161).

One focus of this study will be the role that faunal data can play in
studying the various ways that prehistoric peoples adapted to their desert
environment. This includes greater investment in agricultural production,
changes in residential and/or logistic mobility, and the intensification of hunting.
The unique environment of the Sonoran Desert was the backdrop for the
emergence of agricultural economies, and early village societies much be

considered within that context.

The Culture History of Southern Arizona
A number of summaries of the Paleoindian, Archaic, and Hohokam
cultures of southern Arizona have been published (e.g. Bayman 2001; Crown
1990; S. Fish and Fish 1994; Gummerman 1991; Huckell 1996a; Mabry
1998b; Roth 1996¢). This study will approach the culture history of southern
Arizona with a focus on the aspects of prehistoric adaptations that had the most

impact on the relationship between people and their environment, particularly
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animal species. Therefore, the aim of this review is to explore the type of
mobility and subsistence strategies that were practiced by prehistoric
populations through time, including their settlement patterns, population
densities, and their architectural, storage, and agricultural practices. This will
provide a framework for studying the subsistence choices of prehistoric
communities and the role those populations had in changing their local

environments.

Paleoindian Period (10000-7500 B.C.)

The Clovis culture entered the greater Southwest by 9,600 bc (Faught and
Freeman 1998; see Figure 2.3). Paleoindian populations were small and highly
mobile, and they lived in a very different environment than exists today in the
Sonoran Desert. As a result, large game animals, including mammoth, extinct
bison, camels, and horses, were common enough to form a significant portion of
the diet. The remains of four Clovis mammoth hunts have been found in
southern Arizona at the sites of Lehner, Naco, Escapule, and Murray Springs
(Faught and Freeman 1998; Haury 1953; Haury et al. 1959). Regardless of how
important large mammals were to Paleoindian populations, the presence of any
game larger than a deer is in sharp contrast to the small-mammal dominated
subsistence economies seen in later prehistory.

While Folsom points are occasionally found in the southern basin and

range provinces outside Arizona, the only Folsom points in Arizona are found on
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Figure 2.3. Chronology of southern Arizona.
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the Colorado Plateau. Plainview points, from the late Paleoindian period, are
found in southern Arizona, but it appears that Archaic lifestyles, characterized
by increasing use of plants and small animals, were predominant in the
Southwest during the periods when Folsom and late Paleoindian cultures thrived
on the Great Plains. There remains the possibility, however, that there was both
spatial and temporal overlap between these different subsistence strategies
(Faught and Freeman 1998).

In general, the high mobility and low population density of populations in
the Paleoindian period suggests that humans had little impact on their landscape,
especially when compared to the large villages, agricultural fields, and irrigation
networks of sedentary Hohokam farmers. However, human hunting, in
conjunction with changes in climate, may have led to the extinction of many
large Pleistocene mammals (Martin and Klein 1984; Martin 1967). This could
be seen as the beginning of a long history of culturally modified environments in

southern Arizona.

Early Archaic (7500-3500 B.C.)

Archaic cultures in the Southwest began sometime between 8700-5000
bc, with the appearance of subsistence strategies that were more focused on
plants and small animals than are usually associated with Paleoindian big game
hunters (Mabry and Faught 1998:53). In southern Arizona, the Early Archaic is

known as the Sulphur Springs stage of the Cochise Culture (Sayles and Antevs



58

1941). The increased importance of smaller food packages is demonstrated
through the appearance of ground stone, including one-handed manos, slab
metates, and bedrock mortars. Megafauna is generally absent at these sites, with
smaller animals making up more of the hunted diet (Huckell 1996a; Mabry and
Faught 1998:53).

During the early periods of the Archaic, conditions may have been fairly
good for hunters, since some animals, like deer and even bison, may have been
present or more abundant. The climate in southern Arizona was more humid,
with raised water levels and woodland expansion (Mabry and Faught 1998:53).
However, from 6000-2000 bc, the hotter and drier Altithermal period may have
led to wide-scale abandonment of the Southwest (Mabry and Faught 1998:66).
Occupation continued in better-watered regions, especially in the mountains, but
there is very little evidence for people living in the southern basin and range
during this period (Mabry 1998b:65).

Compared to the Paleoindian period, the populations of the Early Archaic
were somewhat less mobile. This can be seen through the small investment in
site furniture that began to appear in the archaeological record, including
roasting pits, fire-cracked rock features, and storage pits lined with slabs (Mabry
and Faught 1998:53). Compared to later populations, of course, the Early
Archaic people were still quite mobile. This is suggested by the cultural
homogeneity across the Southwest and the presence of marine shells from the

Pacific Ocean or Sea of Cortez, areas that may have been visited as part of wide-
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ranging mobility strategies (Huckell 1996a; Mabry and Faught 1998:53). With
decreased mobility, and possibly higher population densities, Early Archaic
people may have had a more significant impact on the landscape and its
resources than Paleoindian people. However, partial or complete abandonment
of this area during the Altithermal period limited the degree of anthropogenic

environmental change.

Middle Archaic (3500-1500 B.C.)

Important transformations in the prehistoric settlement and subsistence
patterns of southern Arizona took place during the Middle Archaic period. It
was during this time that larger populations first entered the region and began to
build small, probably seasonal, habitations. The pattern of lagomorph-
dominated hunting economies, which continued throughout the prehistoric
sequence, was initially established during this period. In addition, the Middle
Archaic witnessed the introduction of the first domestic plants.

The Middle Archaic in southern Arizona is known as the Chiricahua stage
of the Cochise culture (Sayles and Antevs 1941). Population increases at this
time are suggested by a far larger number of sites found in the region, especially
sites that date to after 2500 bc (Mabry 1998b:74). More intensive occupation of
the Sonoran Desert basin and range area was possible at this time because the
climate improved greatly over the Altithermal period, with more effective

moisture and the expansion of grasslands (Mabry 1998b:74). At the end of the
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Altithermal, around 2000 bc, the vegetation of southern Arizona was largely
identical to the modern structure of the Sonoran Desert biotic community (Van
Devender 2000:66).

Plant-based economies in the Middle Archaic are suggested by the
increasing number and types of ground-stone, including the addition of basin
metates, mortars, and pestles (Huckell 1996a). Wild seed plants undoubtedly
were being processed with this groundstone, but the very first domestic maize in
the region also appears around 2000 bc (Mabry 1998b:74). As the dates for
early corn in the Southwest continue to be pushed back to the end of the
Altithermal, it is possible that the evidence will eventually show that agricultural
communities, side-by-side with foraging societies, were among the earliest to re-
colonize the desert regions when climatic conditions improved. Perhaps all
foraging societies of the Middle Archaic did have access to Mesoamerican
domesticates, whether or not they chose to use them. Although it is not clear
exactly where either agricultural or foraging populations came from, the
movement of Gypsum points into the region from 4500-3000 bp may reflect
contact with or migration from Mesoamerica (Mabry 1998b:75). This would
support linguistic evidence that suggests that the earliest farmers in the
Southwest were Uto-Aztecan communities with agriculture-focused economies
that migrated into the region from central Mexico (Hill 2001).

Increased population density and decreased mobility are suggested by a

larger number of sites and greater investment in architectural features. The first
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simple habitation structures in southern Arizona, small pithouses, date to the
Middle Archaic. Basin-shaped hearths and rock-filled pits are also found
(Huckell 1996a:341; Mabry 1998b:78). Huckell (1996a:355) suggested that
these structures, usually found on basin floors, might represent an increase in
residential stability at lower elevations during the winter months. Compared to
later communities, howevef, the people of the Middle Archaic were probably still
quite mobile. The sites from this time period have low artifact densities, few
habitation structures, and no obvious features for storage (Huckell 1996a:341).
Faunal evidence for Bayham’s (1982) study of Ventana Cave suggests that both
upland and lowland regions of the Sonoran Desert were used residentially, as
opposed to the logistic use that is documented from later time periods. If
Bayham and Huckell’s conclusions are correct, this would suggest winter
occupations of basin floors, but seasonal movement, especially through higher
elevations, during the spring, summer, and fall months.

The typical lagomorph-dominated hunting economy seen in Hohokam
assemblages was first established in the Middle Archaic (James 1990b; Szuter
1989a, 1991; Szuter and Bayham 1989). Although more artiodactyls are found
in faunal assemblages from sites that are located at higher elevations,
artiodactyls in general appear to have been a minor component of the hunted
diet, and those artiodactyl species are generally restricted to the deer, bighorn
sheep, and pronghorn antelope that are also found in later periods (Bayham

1982). Bison bones have been found at sites dating to the Chiricahua stage,
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including one second phalange and a rib head from the Tator Hills site (James
1993), and one immature bison skull found south of Tucson (Huckell 1996b:33;
Mabry 1998b:74). Bison were also found in Chiracahua levels in Whitewater
Draw (Sayles and Antevs 1941), but there are some doubts about the association
between the artifacts and the large mammals (Waters 1986). Even assuming that
the isolated finds of Middle Archaic bison were actually the remains of a hunt, it
is unlikely that they were an important component of the diet. These three bones
are the only documented bison remains from a time period when the hunting
economy was otherwise dominated by the presence of small mammals, especially

lagomorphs.

Late Archaic / Early Agricultural Period (1500 B.C.-A.D. 1)

The first agricultural villages developed during the Late Archaic. This
period has also been referred to as the Early Agricultural Period (Huckell 1990,
1995, 1996a), or the Formative Period (Roth 1996a). Unfortunately, the terms
used to describe this time period can be as confusing as they are numerous. The
term Formative Period has been variously used to refer to the Late Archaic and
Early Ceramic Periods combined, or alternatively, used to only refer to the Early
Ceramic Period (Roth 1996a; Whittlesey and Ciolek-Torrello 1996). Further
confusion can be added to this mix because the terms “Late Archaic” and “Early
Agricultural Period” are used to refer to a temporal period (around 1500 B.C. to

A.D. 1), but the same terms are also used to refer, not only to the time period,
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but to the subsistence strategy thought to be practiced by the inhabitants of a
particular site. Therefore, “Late Archaic” can be used to denote sites (or
populations) that do not produce evidence for maize cultivation, but that date to
the same time period as the Early Agricultural Period sites (or populations) that
do have evidence for domestic plants (Huckell 1995, 1996a:343). This study
will use the term Early Agricultural Period in the purely chronological sense, to
denote all sites dating to the time period from 1500 B.C. to AD. 1.

The Early Agricultural Period in southern Arizona consists of the San
Pedro (2500-500 BC) and Cienega (500 BC- AD 200) stages of the Cochise
Culture (Huckell 1996a). Much of our information about the San Pedro phase
comes from excavations at the site of Cerro Juanaquefia in northern Chihuahua
(Hard and Roney 1998), and Las Capas, in southern Arizona (Diehl 2003; Sliva
2003). The site of Las Capas, as well as another San Pedro site excavated by
Desert Archaeology, Inc., AZ AA:12:92 (ASM), provided two of the faunal
assemblages analyzed for this dissertation. Cerro Juanaquefia, Las Capas, and
AA:12:92, along with other early village sites, are situated along rivers that
provided water for irrigation or floodwater farming. The spread of agricultural
communities into other parts of the Southwest may have taken place through
migrations along rivers as well (Damp et al. 2002).

If early agriculture came to the Southwest through migrations of
agricultural peoples, then they likely entered this region from northern Mexico

(Berry and Berry 1986). Unfortunately, at this time, comparatively little is
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known about the archaeology of the Early Agricultural Period in Mexico (P. Fish
and Fish 1994). Linguistic evidence, however, may support a Mexican origin for
agricultural populations in the Southwest (Hill 2001). Agricultural adaptations
may have spread along river valleys from Mesoamerica into the Southwest,
moving first into the Santa Cruz and San Pedro valleys (Stone and Bostwick
1996). The Early Agricultural Period populations from these valleys may have
eventually founded the Red Mountain phase settlements in the Phoenix Basin
(Bayman 2001:267). This would suggest that non-riverine populations may
have existed that did not participate in these agricultural economies.

The Cienega phase witnessed the development of a variety of agricultural
villages on the floodplain of the Santa Cruz River in the Tucson Basin, including
the site of L.os Pozos, which was one of the assemblages analyzed for this
dissertation (Diehl 2003; Sliva 2003). The number and size of sites from the
Cienega phase suggest increased populations, and possibly increased residential
stability. Outside of these riverine environments, however, it is not clear whether
or not there were existing foraging populations that did not use agriculture, or if
desert and upland sites represent logistical or seasonal occupations by the
floodplain desert farmers (Huckell 1990, 1995; Roth 1989, 1992).

Villages sprouted up along permanent and semi-permanent water sources
during the Early Agricultural Period. Starting between 1400-800 bc, villages
with high corn ubiquity and irrigation ditches are found, and they include pit

structures, large midden accumulations, house groups, communal structures, and
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formal burial areas (Mabry 1998b:74). An increase in population levels, as well
as more intensive use of land, is seen in the San Pedro phase through larger sites
with higher densities of artifacts as well as a wider range of features than are
seen at earlier sites. Site features include shallow, oval pithouses, irrigation
ditches, and bell-shaped pits in both intra- and inter-mural contexts (Diehl 2003;
Huckell 1996a:344; Sliva 2003). The bell-shaped pits suggest a new reliance on
storage, and other forms of storage technology also increased during the San
Pedro period, including baskets and other storage pits in other shapes. This may
suggest longer occupations of the floodplain environments in particular, but
continued mobility on a seasonal basis (Huckell 1996a:344; Wills 1995; Wills
and Huckell 1994). Cienega phase architecture is typified by round structures,
with hearths and a variety of storage pits. Although some early villages in the
Cienega phase had hundreds of pithouses, it is estimated that only one or two
dozen were ever occupied at a time (Gregory 2001).

Plants and small animals dominated the economies of the Early
Agricultural Period, with agricultural products providing a substantial portion of
the diet for the first time. Maize is the only domesticate found in large
quantities, but there have been isolated finds of possible beans and squash in
Cienega period sites. Such finds are so rare that it is likely that these
domesticates would not have been a significant part of the economy (Huckell
1996a:345; Whittlesey and Ciolek-Torrello 1996). Linguistic evidence also

supports the idea that beans and squash were introduced into the agricultural
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system significantly later than the introduction of corn (Hill 2001). The
economic importance of both wiid and domestic plants in the Early Agricultural
Period is suggested by large numbers of groundstone artifacts, roasting features
and storage pits (Wills 1995). Plant processing tools are characteristic of the
San Pedro stage, including one-handed manos, basin metates, mortars, and
pestles in a wide range of sizes (Huckell 1996a:344). In the Cienega phase,
there was an elaboration of ground stone technology, which came to include
stone rings, disks, and rods (Huckell 1996a; Matson 1991).

In a continuation of earlier Middle Archaic adaptations, the botanical
remains from these sites suggest many wild plants were being exploited, in
addition to corn agriculture. Interestingly, as will be shown in Chapter 6, while
the botanical remains from early floodplain villages suggest that riverine
resources were important, this does not appear to be the case for faunal
assemblages (Diehl and Waters 2003). Small mammals, especially lagomorphs,
dominate the faunal assemblages, and even the trace of bison that occurred in the
Middle Archaic was gone by the Early Agricultural Period (James 1990b; Szuter
1989a, 1991; Szuter and Bayham 1996). Hunting of small animals may have
been facilitated by the introduction of the bow and arrow during this period, as
early as 800 B.C. (Bayman 2001:265; Mabry 1998b:75; Sliva 1999).

The earliest villagers of the Sonoran Desert invested significant time and
energy into the success of their agricultural crops. Early Agricultural Period

populations worked to ensure yields of domestic (and possibly wild) plants



67

through water-control methods, including wells and irrigation ditches. Such
features have been found at both San Pedro and Cienega stage sites in the
Tucson Basin, including Las Capas, Santa Cruz Bend, Costello-King, Los Pozos
and Wetlands (Diehl n.d.; Ezzo and Deaver 1998; Freeman 1998; Gregory and
Mabry 1998; Mabry 1998a; Sliva n.d.). Terracing that may have been used to
control run-off and create agricultural fields at the San Pedro site of Cerro
Juanaquefia, in Chihuahua (Hard and Roney 1999).

Some reduction in residential mobility seems fairly certain in the Early
Agricultural Period (Roth 1996b; Sayles 1945; Whittlesey and Ciolek-Torrello
1996). In addition to greater investment in architecture and increased artifact
densities, the labor demands of agriculture would have limited mobility through
the spring and summer. There is also evidence for decreased mobility from
obsidian sourcing data. Most non-local obsidian sources drop out of the
archaeological record between the Middie Archaic and the Early Agricultural
Period (Shackley 1996).

The overall picture of increasing population density and sedentism, as
well as the greater investment in agricultural techniques, suggests that Early
Agricultural Period people affected their environment far more significantly than
any previous populations. Irrigating, growing crops, building villages, clearing
the land through burning and cutting of vegetation, gathering, and hunting would
all have had profound impacts on the environment. The wide-reaching

implications of the cultural modification of the natural environment has been
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documented for both prehistoric and modern peoples in the Sonoran Desert
(Fish and Nabhan 1991; Fish 2000; Nabhan et al. 1983; Mellink 1985; Rea
1979). Faunal analysts in the Southwest have suggested that these activities
could have had a variety of affects on animal populations, including increasing
habitat for some small animals, like lagomorphs, while depressing populations
of larger animals, such as artiodactyls (Cannon 2000, 2002; Szuter 1989a, 1991).
Although the striking differences between Early Agricultural Period sites
and their counterparts in the Middle Archaic suggest that profound changes took
place in population organization, subsistence adaptations, and mobility, these
early villages were not necessarily exact copies of later Hohokam period
communities. Despite the likelihood of significantly increased population
density and residential stability, there is still evidence that mobility may have
been higher during the Early Agricultural Period than in subsequent times. A
transhumant pattern of mobility has been suggested by some researchers who
believe that non-riverine sites were used as seasonal camps by the inhabitants of
floodplain villages (Matson 1991; Minnis 1985, 1992; Roth 1996b; Shackley
1996; Whittlesey and Ciolek-Torrello 1996; Wills and Huckell 1996). They
argue for residential shifts between base camps on the floodplain, where maize
was planted, tended, harvested, and stored, and camp sites in the upper bajadas,
where wild resources, such as cacti and artiodactyls, were procured and
processed. Over time, Early Agricultural Period populations may have had

longer periods of residential stability, with only logistical use of upland resources
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(Huckell 1996a; Mabry 1998b:82; Whittlesey and Ciolek-Torrello 1996).

Mobility, or at least rapid population expansion, is suggested by the
apparent cultural homogeneity among agricultural villagers throughout the
Southwest at this time (Huckell 1996a; Irwin-Williams 1967; Mabry 1998b;
Matson 1991). The use of bell-shaped pits that could be sealed, and that were
often located extramurally, implies that in-ground stores may have been hidden
for part of the year when villages were abandoned. Bell-shaped pits ceased to be
the primary storage vehicle in later Hohokam periods, when there is ample
evidence for year-round occupation (Whittlesey and Ciolek-Torrello 1996:53).
Faunal evidence, however, suggests that non-riverine sites may have been used
logistically, rather than residentially. Bayham’s (1982) work at Ventana Cave
suggested that Early Agricultural Period populations were using the site as a
hunting camp, rather than maintaining a seasonal residence in the area, as was
the case in the Middle Archaic period. However, the lack of good chronological
control in his sample may mask differences in the use of the site during the
earlier and later phases of this period (Roth and Huckell 1992).

Early Agricultural Period populations appear to have significantly
increased their dependence on small seed foods. However, there is little evidence
for an investment in more intensive processing technology. The earliest ceramics
in the Southwest were produced during the San Pedro phase, but their function
was not obviously tied to subsistence practices. It has been argued that these

wares had ritual, rather than economic, functions, so the presence of ceramics
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does not suggest that populations were attempting to maximize the caloric return
of maize or minimize their risk of crop loss through the cooking and storage of
seed foods (Heidke and Ferge 2001:187). Small seed jars (about the size of a
first), as well as small, shallow bowls and platters are the only vessel forms
found in the Early Agricultural Period, and even these are scarce. For example,
at the Late Cienega phase site of Los Pozos, the 1995 excavations yielded over
17,000 pieces of faunal bone, and over 6,000 lithics, but only 20 sherds (MNI =
17) (Heidke and Ferg 2001:167; Gregory 2001).

Although maize remains are very common in some San Pedro and
Cienega phase sites, Early Agricultural Period villagers may not have been as
dependent upon maize as later Hohokam populations. The high ubiquity of corn
in Early Agricultural Period sites, that is, the high number of archaeological
samples that produ’ced corn remains, could be the result of better preservation
due to less intensive processing practices. Ears of corn appear to have been
roasted, rather than ground for flour (Whittlesey and Ciolek-Torrello 1996:52).
L’ess intensive processing is also suggested by the groundstone assemblages.
Trough metates and two-handed manos, both more efficient tools for grinding
large amounts of corn, are absent from groundstone assemblages during the
Early Agricultural Period (Whittlesey and Ciolek-Torrello 1996:58).
Furthermore, although maize has a great deal of phenotypic plasticity, there is
very little change in maize morphology during the Early Agricultural Period.

This suggests few selective pressures were brought to bear on maize populations
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during this time (Wills and Huckell 1994:35).

The lack of ceramic technology suitable for storage and intensive food
processing also argues against high population levels and heavy dependence
upon maize agriculture among Early Agricultural Period populations. The
presence of clay figurines and seed jars show that Early Agricultural Period
peoples were aware of ceramic technology, but did not use it for subsistence
purposes such as cooking or large-scale storage (Whittlesey and Ciolek-Torrello
1996:51). Early agriculturalists may have been too mobile, and/or too littie
dependent upon domestic crops, to need specialized ceramic containers
(Whittlesey and Ciolek-Torrello 1996:51).

If seasonal mobility was still important during the Early Agricultural
Period, then agriculture may have been used to supplement and enhance the
upland/lowland seasonally mobile stfategy that developed during the earlier
Archaic periods. Agriculture, in this view, was just one part of an intensive
foraging adaptation, one that allowed larger populations to stay in riverine
environments longer, in order to more fully exploit seasonally available’foods

(Wills and Huckell 1994).

Early Ceramic Period (A.D. 1-500)
The Early Ceramic period, for the purposes of this study, is defined as the
Red Mountain phase in the Phoenix basin, and the Agua Caliente phase in the

Tucson basin. The later Vahki phase in Phoenix and Tortolita phase in Tucson



72

are sometimes included in the Early Ceramic period, but often are considered
part of the Pioneer period (Roth 1996a; Whittlesey and Ciolek-Torrello 1996).

The Early Ceramic period i‘s characterized by small hamlets of
approximately 25-40 people, supported through floodwater farming in desert
basins (Cordell, Doyel and Kintigh 1994:119; Whittlesey and Ciolek-Torrello
1996:54). Pithouses continued to be built in small circular or oval shapes, but
the houses were more formal in layout and structure than in the Early
Agricultural Period, with plastered hearths and defined entry-ways (Whittlesey
and Ciolek-Torrello 1996:55). There was no formal organization to the layout of
pithouses within the villages, but some larger, possibly ceremonial, structures
were built (Mabry 1998a; Whittlesey and Ciolek-Torrello 1996:54). Despite
evidence for greater residential stability, research suggests a continuation of
riverine and upland resources use during this period, possibly including seasonal
residential mobility with recurring occupation of floodplain village sites
(Whittlesey and Ciolek-Torrello 1996:55).

A form of plainware pottery appeared across the Southwest at more or
less the same time at the beginning of the Agua Caliente and Red Mountain
phases. In comparison to the few figurines and seed-jar sherds found in the
EBarly Agricultural Period, this plainware, formed through coiling and scraping,
was more technically sophisticated (Whittlesey and Ciolek-Torrello 1996:54).
The arrival of the earliest pottery in the Southwest may also have heralded a time

of greater regional diversity and differentiation, probably due to increased
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territoriality and decreased mobility (S. Fish and Fish 1994). However, ceramics
were still not as widely used in the Early Ceramic period as in later Hohokam
village sites. The pottery was usually created in the form of seed jars and
hemispherical bowls. The range of types was narrow, and these could only be
used for small-scale storage, suggesting that intensive processing and storage of
seed-foods was not as important as in later periods (Whittlesey and Ciolek-
Torrello 1996:57).

As in the Early Agricultural Period, corn was ubiquitous at Early Ceramic
period sites, but other cultigens, including beans and squash, were rare or absent
(Whittlesey and Ciolek-Torrello 1996:54). Beans and squash do not appear to
have been introduced until the Pioneer period, although beans do not preserve as
well as maize, and therefore may be archaeologically absent, even though they
were a part of the diet (Gasser and Kwiatkowski 1991b:430). The ground-stone
assemblages in the Early Ceramic Period resemble those used by earlier Archaic
peoples, with basin metates and small manos. Technology associated with more
intensive processing of seed foods, including trough metates and two-handed
manos, do not appear until the Pioneer period (Whittlesey and Ciolek-Torrello
1996:58).

Very little is known about Early Ceramic Period faunal assemblages, since
only a handful have been analyzed (Cairns and Ciolek-Torrello 1998; Thiel
1998). As will be discussed in the remainder of this dissertation, lagomorphs

continue to dominate faunal assemblages from this time period. With so few
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samples, it is difficult to assess the degree to which people impacted the habitats
of native plants and animals. However, the evidence of increased sedentism seen
in the archaeological record may suggest that riverine environments, especially,

underwent more and more manipulation by human populations.

Hohokam Pioneer Period (A.D. 500-750)

The Pioneer period consists of the Vahki, Estrella, Sweetwater (and
possibly Snaketown) phases in the Phoenix basin, and the Tortolita (and possibly
Snaketown) phases in the Tucson basin. Many defining aspects of Hohokam
culture came together in the Pioneer period, including red-on-buff ceramics, ball
courts, and an increase in the canal irrigation that was first developed in the
Early Agricultural Period (Bayman 2001:267). Villages were still fairly small,
probably housing less than 100 people at any one time, although larger
settlements of up to 120 houses developed by the end of the Tortolita/Vahki
phases (Cordell, Doyel and Kintigh 1994; Whittlesey and Ciolek-Torrello
1996:54). Pioneer period pithouses commonly incorporated interior features,
including storage pits, but these were usually shallower than the pits associated
with Early Agricultural Period habitations. Ceramic technology and above-
ground store rooms may have replaced bell-shaped pits as the primary storage
tools (Whittlesey and Ciolek-Torrello 1996:59).

Intensification of maize processing and storage occurred during the

Tortolita or Vakhi phases, using better-made and more ubiquitous pottery. The
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presence of slab metates, tabular knives, and a wider variety of ground stone
shapes also supports this conclusion (Whittlesey and Ciolek-Torrello 1996:59).
New cultigens, such as beans, squash, and cotton, become more frequent during
the Pioneer period, although the full range and abundance of Hohokam cultigens
do not appear until the Late Pioneer or Colonial periods (Gasser and
Kwiatkowski 1991a; Whittlesey and Ciolek-Torrello 1996:59).

Increasing population densities and residential stability are suggested by
the greater regional variability in material culture that appeared in the Pioneer
period. Artifacts, architecture, and site structure all suggest that the Pioneer
period inhabitants of the Tucson basin were quite different from those in the
Phoenix basin. Furthermore, there is a continuation in the differences between
riverine village sites and the more ephemeral occupations of upland and desert
locations. These differences may reflect diverse populations in these areas, or
logistic use of non-riverine resources by basin-floor village inhabitants
(Whittlesey and Ciolek-Torrello 1996:62).

Evidence from Ventana Cave suggests that Hohokam period people
increasingly used logistic strategies to hunt upland artiodactyl resources as
population aggregation allowed some farmers to break free from agricultural
labor constraints (Bayham 1982). Although it is not clear that this pattern of
resource intensified between the Early Agricultural Period and the Pioneer
period, it certain appears to have continued (see Chapter 5).

Increased population densities and fully sedentary villages appear to be
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supported by the evidence from the Pioneer period. However, the impact these
small village populations had on their environment may not have been as great
as that seen in later time periods. For example, some of the plant taxa that are
commonly considered to be field weeds, such as little barley grass, are quite rare
in the Pioneer period, but much more common in the Colonial and Sedentary

(Gasser and Kwiatkowski 1991b:442).

Colonial Period (A.D. 750-950)

The Colonial period was marked by the expansion of agricultural
communities, large-scale irrigation systems, and the use of rain-fed agricultural
techniques that brought sedentary populations and more intensive subsistence
strategies into the non-riverine regions of southern Arizona. The Colonial period
consists of the Gila Butte and Santa Cruz phases in the Phoenix basin, and the
Caifiada del Oro, and Rillito phases in the Tucson basin. Hohokam populations
grew during the early Colonial period, and numerous villages were founded,
especially along the Salt and Gila rivers, where canal irrigation fed larger and
more aggregated populations (Cordell, Doyel and Kintigh 1994:120). By the
Santa Cruz phase, the Phoenix basin was home to villages that held 300-500
people, some of which were connected through complex canal systems (Bayman
2001:271). The geographic range of the Hohokam expanded during this period,
while more and more of the land within the core Hohokam settlement area was

filled (Bayman 2001:273).
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Colonial period populations lengthened irrigation systems and brought
more land into production to intensify agricultural adaptations (Gumerman
1991b:8). The use of both upland and lowland environments continued into the
Colonial period. Some sites in more peripheral environmental zones may
represent seasonal occupations or logistic sites associated with populations along
the rivers (Bayman 2001:273), but fieldhouse and farmstead sites are seen in
both riverine environments and in non-riverine areas. These are thought to
represent either seasonal occupations of farmers who otherwise live in larger
villages, or small, year-round habitations (Henderson 1989). Year-round or
seasonal occupation of the fields would have been particularly important for
floodwater/runoff agricultural strategies, since diverting water to or from fields
at the time of rainfall would have been critical (Fish and Nabhan 1991).

The increase in habitation sites away from riverine environments, and the
increasing logistic use of upland and desert habitats, was concurrent with the
increasing formality of Hohokam sites. This included the emergence of true
house clusters with multiple structures and outdoor work areas, more formal
disposal patterns for trash, as well as central plazas and public architecture in the
form of ballcourts and platform mounds (Bayman 2001:271; Gumerman
1991b). All in all, these changes paint a picture of decreased mobility and
increasing population density.

Hunting economies were dominated by small game, although Bayham’s

(1982) work suggests that long-distance hunting for large game was
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increasingly important as population aggregation facilitated some long-distance
hunting (Speth and Scott 1989). Little barley, a wild weedy plant that probably
grew in or along cultivated fields, was increasingly encouraged and cultivated

by Colonial period peoples (Bohrer 1991; Gasser and Kwiatkowski 1991a).

Sedentary Period (A.D. 950-1150)

Population growth and agricultural intensification mark the Sedentary
period, which consists of the Sacaton phase in the Phoenix Basin and the Rincon
phase in the Tucson Basin. Larger sites, the formation of site hierarchies, and
the continued colonization of less productive ecological zones, such as upland
regions and along ephemeral washes, suggest that the population was increasing
and re-organizing (Gumerman 1991b). A wider variety of dryland farming
techniques were used in order to bring non-riverine areas into production,
suggesting a further intensification of the economy. Village sites, located on the
floodplains during the Early Agricultural Period, moved onto river terraces and
away from the rivers during the Sedentary period, and an increasing number of
logistic sites were located on the peripheries of these villages (Bayman
2001:275).

A large number of water control devices, including check dams, rock
piles, and reservoirs, allowed for agricultural intensification, including double
crops of corn each year, fed by irrigation water (Bayman 2001:275). A wider

variety of other domesticates were grown in the Sedentary period, including
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beans, squash, cotton, barley grass, and tobacco, but the use of these plants was
uneven across the Hohokam cultural region. Wild plants, especially mesquite,
agave, and cacti, continued to be an important component of Sedentary period
economies (Bayman 2001:276; Gasser and Kwiatkowski 1991a). Cheno-ams,
weedy annuals that thrive on disturbed, irrigated ground, had been used by the
Hohokam since the Pioneer period, but the first domestic forms appeared in the
mid-Sedentary. It is not clear whether these were the result of local
domestication events or if the domestic forms were brought in from elsewhere
(Gasser and Kwiatkowski 1991a).

Undoubtedly, changes in population organization had affects on the
subsistence practices of the entire Hohokam system. The growth of site
hierarchies and public architecture may suggest that some villages were
beginning to draw in visitors from surrounding communities. The mtegration of
multiple sites into large communities could lead to the pooling of resources from
multiple habitation zones, and the intensification of agricultural production in
non-riverine settings. This pattern seems to be fully developed in the Classic
period (e.g. Fish, Fish and Madsen 1992a), but it may have its roots in earlier
Sedentary period settlement patterns. In later time periods, these villages may
have concentrated certain high-status food items, such as large game or cactus
fruits, through trade and exchange networks (Bayman 2001; Gasser and
Kwiatkowski 1991a).

The environmental impact of these Hohokam populations must have been
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great. Pollen and macro-botanical data suggest that weedy plants were thriving
and possibly deliberately encouraged by the clearing and irrigation of land for
agricultural fields (Fish 1985, 2000; Gasser and Kwiatkowski 1991a). The
extensive use of both riverine and non-riverine habitats would have also affected

small animal populations, including rodents and lagomorphs (Szuter 1989a,

1991).

Classic Period (A.D. 1150-1450)

The impact of Hohokam populations on their environment was probably
most extreme during the Classic period when large populations brought
previously marginal agricultural land into production, and aggregated sites
suggest movement of people and subsistence goods around the landscape. The
Classic period consists of the Soho and Civano phases in the Phoenix basin, and
the Tanque Verde and Tucson phases in the Tucson basin. A Santan phase has
also been suggested to describe the Sedentary to Classic period transition
(Bayman 2001:280). Although population size was stable at this time, the
society underwent population organization prior to dramatic declines in
population levels at the end of the Classic period (Dean, Doelle, and Orcutt
1994).

House construction styles changed during the Classic period, from semi-
subterranean pit-house architecture to mostly above-ground, adobe-walled

constructions. This type of structure was widespread after A.D. 1150 (Bayman
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2001:281). Groups of adobe houses within villages formed compounds, usually
enclosed by an adobe wall, and housing one or more extended families (Reid and
Whittlesey 1997:101).

The large Classic period populations re-organized into aggregated
communities with increasing evidence for social differentiation. Exotic materials
were more and more frequently concentrated at larger sites with platform
mounds (Béyman 2001:285). These platform mounds were the focus of public
ceremonies, and in the Late Classic, rooms built on top of the platform mounds
were used as residences, probably for high status families (Gumerman 1991b).
Further evidence for social differentiation includes burials with variable amounts
and qualities of grave goods (Bayman 2001:287; S. Fish and Fish 1994:26).

During the Classic Period, a significant and easily visible change in the
hunting economy occurred, for the first time since the Middle Archaic. Although
lagomorphs continued to be the focus of hunting, there is some evidence for a
broadening of the diet, as well as inequalities in how meat was distributed among
the population (Bayman 2001:284). Some large Classic period sites along major
rivers show evidence for the extensive use of fish, something that is rare or
absent in earlier periods (James 1994, 2003). At the same time as non-mammal
species appear to enter the diet at some sites, artiodactyls become increasingly
the focus of ritual as well as dietary attention. A series of ritual deposits of
artiodactyl bone have been found at archaeological sites from the Classic period

(Szuter 1989a, 1991). The aggregation of populations during this time may
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have facilitated long-distance hunting of large game (Bayham 1982; Speth and
Scott 1989).

Agricultural intensification continued into the Classic period, including
increased use of the upland and desert areas for the harvesting and cultivation of
wild and domestic foods. Within core settlement areas, canal irrigation was
expanded and dry-land farming was intensified along the periphery (Bayman
2001). Agave cultivation, as seen through the emergence of large numbers of
rock-pile fields, took on great significance in the Classic period (Fish 1995;
Gasser and Kwiatkowski 1991b). Hohokam communities, centered on platform-
mound sites, integrated multiple habitat zones and agricultural technologies
through lateral use of land away from riverine areas (P. Fish and Fish 1991,
1994). This effectively intensified agricultural production, even in areas that

were marginal for maize and other dietary staples.

Post-Classic (after A.D. 1450)

The Hohokam of the Post-Classic Polvoron phase looked significantly
different from Classic period populations. Platform mounds and surface adobe
compounds ceased to be built, and were replaced by simple pit houses and a less
intensive economic adaptation. Polvoron phase jacal pithouses were clustered
into small settlements along short irrigation systems. The time period was also
characterized by redware and Salado polychromes (Bayman 2001:290;

Gumerman 1991Db).
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Some researchers have argued that the Polvordn phase represents a
massive decline in population levels at the end of the Classic period that led to
the abandonment of large villages in the Hohokam region, beginning in the late
1300’s (Dean, Doelle, and Orcutt 1994; Reid and Whittlesey 1997:107). Others
scholars suggest that Polvordn settlements were mostly contemporary with
Civano phase settlements. In this view, the Polvoron represents peripheral,
possibly more transient, members of larger communities (Bayman 2001:291).
This debate will continue until we have better chronological control over
individual site segments.

Regardless of interpretations of the Polvoron phase, it is clear that the
Hohokam culture did not survive in its entirety up to the Contact period in the
late 1600’s. The earliest written records of European contact suggest that the
populations Spanish explorers encountered in southern Arizona were much
smaller than archaeological evidence suggests for the Classic period Hohokam,
and their economic and social adaptations were less complex (Bayman
2001:292). There is evidence for population movement throughout the
Southwest at this time, and that may have contributed to conflict in the Hohokam
area (Reid and Whittlesey 1997:107). Alternatively, it has been argued that the
Hohokam decline was the result of climate deterioration or the failure of crops
due to drought, flood, or salinization of the fields, introduction of European
diseases, or local and external warfare (Bayman 2001:291; P. Fish and Fish

1994; Reid and Whittlesey 1997:108).
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Conclusion

The Early Agricultural Period, which saw the development of the first
large village sites with high ubiquities of maize remains, is best understood in its
environmental and cultural context. Middle Archaic sites in southern Arizona
provide the first evidence for some of the technological and economic
adaptations that were further developed in the Early Agricultural Period, such as
pit houses and the first domestic maize. However, while the Early Agricultural
Period villages from southern Arizona have many characteristics that separate
them from Middle Archaic sites, including evidence for greater residential
stability and reliance on corn agriculture, these earliest village sites are also
distinct from the sequence of Hohokam cultures that follow them.

Some aspects of classic Hohokam adaptations, such as irrigation systems,
were certainly first developed in the Early Agricultural Period, but other
important components of the Hohokam cultural system, including ceramic and
groundstone technology for intensive plant processing and storage, were not
present in these early villages. The following chapters of this study will focus on
how zooarchaeological data from sites from the time periods discussed here can
shed light on the similarities and differences in residential stability and resource-
use intensity between populations from before, during, and after the transition to

agriculture.



85

CHAPTER 3: THE SAMPLE, SITES, AND METHODOLOGY

The original impetus for this dissertation was the fauna from two
important Early Agricultural Period sites in the Tucson basin excavated by
Desert Archaeology, Inc. (Diehl 2003; Gregory 1999, 2001; Sliva 2003). The
sites of Las Capas (AZ AA:12:111 [ASM]), from the San Pedro and Early
Cienega phases, and Los Pozos (AZ AA:12:91 [ASM]), dating to the Middle
Archaic and Late Cienega phase, are unique among Early Agricultural Period
sites in this region because they produced substantial faunal remains (Waters
2003a; Wocherl 1999, 2000). In addition to the large faunal assemblages, (both
Los Pozos and Las Capas yielded over 40,000 specimens), a substantial amount
of additional data has been collected from both sites, including extensive
radiocarbon and fluorine dating, analyses of lithics, groundstone, and
paleobotanical remains, as well as use-wear analysis of the bone tools (Diehl
2003; Gregory 1999, 2001; Sliva 2003).

With the large sample sizes of fauna and other materials, as well as the
extensive analyses already performed by Desert Archaeology Inc., these sites
provide the perfect opportunity to measure the degree of sedentism and economic
intensity practiced by early villagers in the Southwest. An additional Early
Agricultural Period site, AZ AA:12:92 (ASM), dating to the Middle Archaic,
Unnamed/San Pedro and Tortolita/Estrella phases, was recently excavated by

Desert Archaeology, Inc. along the Santa Cruz River, and the fauna analyzed as
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part of this dissertation (Dean 2003; Wdocherl 2003). This excavation was
smaller than at the sites of Los Pozos and Las Capas, and therefore the faunal
assemblage was not as large. However, faunal preservation was reasonably
good. Since many Early Agricultural Period sites have almost no faunal bone,
even small samples, such as the one from AA:12:92, are an important addition to

our overall knowledge of the earliest agricultural villages in the Southwest.

Methods

Most of the faunal data presented here were gathered during a period of
employment at Desert Archaeology, Inc., in collaboration with, and under the
direction of, their staff faunal analyst, Jennifer Waters (Dean 2003; Waters
2003a). I also added to the database with independent analysis, especially from
the Early Cienega occupation at Las Capas. Regina Chapin-Pyritz was
responsible for the identification of the faunal assemblage excavated by SWCA
at Las Capas (Chapin-Pyritz 2003). Because that assemblage has not yet been
published, it is not included in this study. The principal investigators for the
projects, Drs. William Doelle, Jonathan Mabry, Helga Wocherl, and David
Gregory, kindly gave permission for the data from these sites to be used in this

study.

Sampling

The faunal assemblage from AA:12:92 was small enough to be
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completely analyzed (Dean 2003). However, the fauna from both Los Pozos and
Las Capas had to be sampled, due to the very large assemblage sizes. The
sample methodology for Los Pozos and Las Capas was determined by Jennifer
Waters in consultation with the project directors, David Gregory and Jonathan
Mabry. The methods used for determining the sample are described in detail in
the site report (Waters 2003a). The fauna from the site of Las Capas came from
both feature trash and midden deposits, while the L.os Pozos fauna was entirely
from pit features, since surface midden deposits at the site had been destroyed.
Although not all of the bone was analyzed at the sites of Los Pozos and Las
Capas, all of the bone tools were analyzed, and are included in the data presented

here.

Processing and Identification

Faunal remains from all three sites were collected using %-in. dry
screening. After being washed and re-bagged, all bones were analyzed using the
comparative collections at Desert Archaeology, Inc. and the Western
Archaeological and Conservation Center and Stanley J. Olsen Zooarchaeological
Comparative Collections at the Arizona State Museum. For many specimens,
fragmentation or poor preservation prevented identification beyond class and
size category. All materials were analyzed according to the standard Desert
Archaeology, Inc coding sheet, developed by Jennifer Waters (see Appendix 1).

Taxonomic group, element, portion, side, and the amount of the element present
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were recorded for each specimen. The state of bone fusion was also recorded,

along with the absolute length of the fragment, burning, surface modifications,

carnivore and rodent gnawing, and any evidence for human modifications, such
as tool manufacture or ochre staining.

Each bone specimen was counted and entered into the computer database
at Desert Archaeology, Inc. Fragments broken during excavation or handling
were refitted when possible and analyzed as one specimen. The separate
fragments were not counted individually toward the number of identifiable
specimens (NISP). Refits from old breaks were noted in the database, but the
fragments from old breaks were counted separately for the calculation of the
NISP. Portions of articulated skeletons were also noted in the database, but each
bone was counted separately. Bone artifacts were identified to species or genus,
if possible, and are included in the data presented here.

Speciation of post-cranial material can be difficult, especially for small
animals, unless only one species from a particular genus is present in the region.
In most cases, no attempt was made to identify specimens below the genus level.
One exception was the speciation of jackrabbits (Lepus sp.). Post-cranial
remains from antelope jackrabbit (L. alleni) and black-tailed jackrabbit (L.
californicus) were speciated when appropriate using the guidelines published by
Gillespie (1988a) from his work in the Avra valley. Not all jackrabbit elements
could be speciated in this way. This analysis is only appropriate for long bones,

as well as complete mandibles and innominates. In many cases, specimens were
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too highly fragmented to use metric analysis to aid speciation.

Tables with detailed information on the faunal remains from all three sites
can be found in Appendix 2. The following discussion summarizes the most
salient points, including the relative distribution of prey taxa and the importance
of cultural and non-cultural taphonomic factors that affected the assemblages.
Specific trends in taxonomic abundance, and their implications for
understanding Early Agricultural Period economies, are discussed in later

chapters within the context of the wider Hohokam faunal sequence.

AA:12:92

The Sunset to Ruthrauff Data Recovery Project, conducted by Desert
Archaeology, Inc., produced vertebrate faunal remains from the site of AA:12:92
as well as the Late Classic Rillito Fan site, AZ AA:12:788 (ASM) (Dean 2003).
The assemblage from AA:12:92 consisted of 2150 pieces of non-human animal
bone dating to the Tortolita/Estrella phases, San Pedro and/or Unnamed phases,
and the Middle Archaic period (Table 3.1). While the zooarchaeological
specimens that were recovered from features at AA:12:92 can be divided into
discreet periods of occupation, the non-feature bone, which was a very small part
of the total data set, could not be divided into smaller temporal components.
Only twenty-one bones were recovered from the four features dating to the
Middle Archaic period. The majority of faunal remains date to the Unnamed

phase or San Pedro phase of the Early Agricultural period. In total, 2017 bones
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Table 3.1. Percentage of NISP for faunal remains from AA:12:92.

Middle Archaic Unknown/San Pedro  Tortolita/Estrella

Fish

Amphibians 0.26

Reptiles 26.18

Birds 0.64

Lagomorphs 78.57 62.71 100
Rodents 1.15

Carnivores 3.45

Artiodactyls 21.43 5.62

Total NISP: 14 783 7

were recovered in features dating to this period, including 783 (38.8 %) which
could be identified to order or below. The Tortolita/Estrella phase faunal
assemblage at AA:12:92 was very small. Only 19 bones were recovered from
features dating to this period, and only seven could be identified to the genus

level.

Species Representation

Lagomorphs were the most common prey species recovered from AA:12:92
from the Middle Archaic, Early Agricultural Period, and Tortolita/Estrella phase
occupations. Lagomorphs, specifically jackrabbits, constituted 52.4 percent (n =
11) of the Middle Archaic fauna. No cottontail rabbits were found in the Middle
Archaic features. In the Early Agricultural Period features, the most common
prey species were also jackrabbits, which made up 38.2 percent (n = 299) of the

total identifiable bone. Cottontails were the second most common taxonomic
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group at 24 percent (n = 188) of the assemblage. All of the identifiable bones
from the small Tortolita/Estrella phase occupations were lagomorphs. This
included one cottontail rabbit specimen, and six jackrabbit specimens.

Artiodactyls were the other major prey species identified at AA:12:92. In
the Middle Archaic features, artiodactyls were the only taxa identified other than
lagomorphs. They were represented by three specimens, one of which was the
base of an awl. In the Early Agricultural Period features, artiodactyls were 5.6
percent of NISP (n = 44). One of the specimens had been manufactured into a
bone tool. No artiodactyls were identified from the Tortolita/Estrella phase
occupations.

Rodents were another potential source of food for the prehistoric
inhabitants of AA:12:92, although rodents may also enter faunal assemblages in
other ways, including burrow deaths or deposition by other carnivores (Szuter
1991:153). Rodents were only found in the Early Agricultural Period faunal
assemblage, where groundsquirrel (Spermophilus/ Ammospermophilus), cotton
rat (Sigmodon sp.) and wood rat (Neotoma sp.), along with unspecified
Rodentia, made up 1.2 percent (n = 9) of the identifiable fauna. With such small
samples, it is not clear whether these rodent remains represent food refuse or
intrusive animals. However, there were no recognizably intrusive rodents in the
form of green bone or complete skeletons (Table 3.2).

Carnivores were only found in the large Early Agricultural Period

assemblage. It is not clear whether these animals were eaten or hunted for their
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Table 3.2. Rodent remains from AA:12:92, Las Capas, and Los Pozos
% of Rodent NISP Burned Evidence for Intrusive Animals

AA:12:92 40 (n=4) none

Las Capas 1.15 (n=2) one complete pocket mouse skull, no
skeleton

Los Pozos 7.08 (n=16) 60 NISP (26.55%) come from

articulated skeletons

furs. Badger (7axidea taxus) and unspecified dog, coyote or wolf (Canis sp.)
were the only species found. The Canis sp. remains are likely coyote or
domestic dog, since they are too small to belong to wolves. Several carnivore
burials, especially of canids, are known from other San Pedro phase sites,
including examples from the L.as Capas/Costello-King site (Ezzo and Stiner
2000; Hill 2000; Waters 2003b). Although the canids at AA:12:92 were not
obviously from burials, it remains possible that they could have entered the
archaeological record in that manner.

No non-mammalian taxa were found in the Middle Archaic or Tortolita/
Estrella features, but the Early Agricultural Period assemblage was characterized
by a relatively high diversity of non-mammalian taxa, including amphibians,
reptiles, and birds. Individually, most of these taxa represented only a small
proportion of the overall fauna, but the proportion of reptiles, in particular, was
noteworthy. Snakes alone comprised 24.5 percent (n = 192) of the NISP, largely

due to multiple articulated snake skeletons found in Feature 56. There were no
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cut-marks on these bones, and few were burned, so they likely represent
intrusive animals. Birds were rare, and represented only 0.7 percent (n =5) of
the assemblage. Although the quail (Callipepla sp. or Cyrtonyx sp.) remains
may represent food refuse, birds of prey were also represented by the remains of

hawk (Accipitridae) and barn owl (Zyto alba).

Taphonomic Factors Affecting Bone at AA:12:92

A variety of taphonomic factors affected the bone from AA:12:92 (Table
3.3). The most prevalent was calcium carbonate buildup. The vast majority
(99.3 percent, n = 2002) of bones had some calcium carbonate buildup. Of
these, 46 percent (n = 927) were affected on less than a quarter of the bone's
surface. However, 35.7 percent (n = 719) had build-up which obscured mbre
than three-quarters of the bone's surface. Calcium carbonate buildup probably

masked other bone surface modifications. Root etching and erosion were also

Table 3.3. The percentages of NISP of major taxonomic groups affected
by common taphonomic processes at the site of AA:12:92.

% Burmned 9% Root Etched % Froded Total NISP

Amphibians 3
Reptiles 7.32 0.98 0.49 205
Birds 42.86 7
Lagomorphs 26.89 32.11 11.80 517
Rodents 27.59 10.34 29
Camivores 11.11 14.81 29.63 27

Artiodactyls 10.20 12.24 44.90 49
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commonly found on faunal specimens at AA:12:92. Root etching was found on
13.5 percent (n = 273) of specimens, while erosion was found on 15.4 percent (n
= 310).

There was little evidence that non-human animals had any profound affect
on the fauna from AA:12:92. Evidence for animal gnawing was rare. Only one
jackrabbit bone had carnivore gnawing, and no rodent gnawing was observed in
the assemblage. However, marks from animal gnawing may have been obscured
on some specimens by calcium carbonate buildup.

Twenty percent (n = 422) of all bones from AA:12:92 were burned, but
burning patterns differed by taxonomic grouping. Forty percent of rodent bones
were burned (n = 4). Lagomorph bones were also commonly burned with thirty
percent (n = 97) of the jackrabbits and twenty-one percent (n = 42) of cottontails
burned. Although a large number of snake bones were found at the site, only 13
(6.7 percent) had been burned. Most bones were burned uniformly over their
surface, indicating likely post-depositional exposure to fire. Only eight percent
of all burned bones (n = 32) were partially charred.

Evidence for human modification of bones into artifacts was fairly
common. These included beads, bead stock, and awls. The majority of tools at
AA:12:92, like the majority of fauna, came from the San Pedro phase features.
Most of the tools were made from large mammal or artiodactyl long bone
fragments. The beads were all made from small mammal long bone shaft

fragments (Dean 2003).
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Las Capas

Vertebrate faunal remains were recovered from the site of Las Capas
during the I-10 Corridor Improvement Project from Tangerine Road to the I-19
interchange. The total analyzed assemblage from Las Capas consisted of 8375
pieces of non-human animal bone dating to the Early and Late San Pedro phases,
and the Early Cienega phase (Table 3.4; detailed tables can be found in
Appendix 2; see also Waters 2003a,b). The zooarchaeological data can be
placed into temporal categories based on the stratigraphic horizon of origin.
Horizons 7-11 contained the Early San Pedro occupations. Horizons 2-6
contained the Late San Pedro occupations, and the Early Cienega occupations
were found in Horizon 1. Some bone could not be assigned to horizon, but this

portion of the faunal assemblage was a very small part of the total data set.

Table 3.4. Percentage of NISP for faunal remains from Las Capas.

Early San Pedro  Late San Pedro  Early Cienega

Fish 0 0.04 0

Amphibians 7.67 1.47 0

Reptiles 4.05 3.19 4.03
Birds 1.64 1.44 0.81
Lagomorphs 80.07 82.71 387.9
Rodents 2.41 5.33 1.61
Carnivores 0.66 1.93 0.81
Artiodactyls 3.5 3.89 4.84

Total NISP: 913 2852 124
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The Early San Pedro phase occupation is represented by 1527 non-human
animal bones, 59.8 percent of which (n = 913) can be identified to order or
better. The Late San Pedro phase excavations produced the largest faunal
assemblage. In all, 6566 bones were analyzed from these horizons, including
43 .4 percent (n = 2852) which were identifiable to order or better. The Early
Cienega horizons produced the smallest assemblage, with only 252 pieces of
non-human animal bone, of which 49.2 percent (n = 124) was identifiable to

order or better.

Species Representation

Lagomorphs were by far the most common taxa found in the assemblages
from all three time periods. Lagomorph species combined to make up 80.1
percent (n = 731) of total NISP in the Early San Pedro assemblage, 82.7 percent
(n = 2359) in the Late San Pedro, and 87.9 percent (n = 109) in the Early
Cienega horizons. Jackrabbits were significantly more common than cottontails
throughout the occupational sequence at Las Capas. The jackrabbits alone
accounted for 53.2 percent (n = 486) of the total NISP in the Early San Pedro. In
the Late San Pedro assemblages, jackrabbits were 60.2 percent (n = 1718) of
total NISP, and in the Early Cienega horizons they made up 69.4 percent (n = 86)
of the total assemblage.

Artiodactyls were the next most common group of taxa in the Early San

Pedro and Early Cienega horizons. However, they represent a much smaller
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fraction of the total NISP than lagomorphs. Artiodactyls were only 3.5 percent
(n = 32) of the total NISP in the Early San Pedro, and 4.8 percent (n = 6) of the
assemblage in the Early Cienega. In the Late San Pedro, rodents were actually
more common than artiodactyl species, which only made up 3.9 percent (n =
111) of NISP. None of the artiodactyls in the Early Cienega phases could be
identified to genus or species level, but mule deer, unspecified deer, pronghorn
antelope, and bighorn sheep were identified in the assemblages from the other
periods.

Rodents were nearly as well represented in these assemblage as
artiodactyls, and were actually more numerous than artiodactyls in the Late San
Pedro period. Rodents made up 2.2 percent (n = 20) of the Early San Pedro
NISP, and 5.3 percent (n = 152) of the Late San Pedro assemblage. In the Early
Cienega deposits, rodents were represented by only two specimens (1.6 percent).
Only one possible intrusive animal was noted among the rodents, in the form of
a complete pocket mouse skull. This only accounted for 0.6 percent of the total
rodent assemblage (see Table 3.2).

Carnivores were rare in all occupation levels at Las Capas. As discussed
above, these animals may represent food refuse, hunting for furs, or ritual
deposits/burials. Las Capas did yield two dog burials, and a dog burial was
found at the Costello-King site, which may be part of Las Capas (Ezzo and
Stiner 2000; Waters 2003b). In the Early Cienega deposits, only three types of

carnivores were found, including indeterminate dog/coyote/wolf, and two types
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of fox (Vulpes macrotis and Urocyon cinereoargenteus), that combined for 0.9
percent (n = 8) of the total NISP. In the Late San Pedro occupations, four
different carnivore taxa were identified, including badger, mountain lion (Felis
concolor), bobcat (Felis rufus), and unspecified dog, coyote, or wolf. These last
bones were too small to be wolf, and likely represent dog or coyote. Together,
the carnivores comprised 1.9 percent (n = 55) of total NISP. In the Early
Cienega phase, carnivores were represented by only one specimen from a dog,
coyote or wolf (0.8 percent).

Mammals made up the vast majority of NISP in all occupation levels at
Las Capas. Although a wide diversity of fish (Osteichthyes), amphibians,
reptiles, and birds were found at the site, they made up only a tiny fraction of the
fauna, and in many cases it is unclear whether they represent food items or
deliberate introductions to the site. The Early San Pedro occupation levels at
Las Capas were completely lacking in fish. Bird, amphibian, and reptile
specimens combined for 13.4 percent (n = 122) of the assemblage. In the Late
San Pedro occupations, 6.1 percent (n = 175) of the NISP was made up of fish,
amphibians, reptiles, and birds. Non-mammalian taxa were even more rare in
the Early Cienega phase occupations at Las Capas compared to earlier deposits.
This decreased taxonomic diversity is probably due to the smaller sample size
relative to the earlier assemblages. No fish or amphibians were found, and
reptiles and birds made up only 4.8 percent (n = 6) of the total NISP.

Fish were the least common taxonomic group at Las Capas. Fish were
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not found at all in the Early San Pedro and Early Cienega occupations, and were
only represented by one element in the Late San Pedro assemblage. This may be
a result of screening bias, since small fish bones are likely to be lost through Vs-
in. screens (James 1994). However, in a small sample of floatation heavy
fractions from Las Capas, I did not find any fish bones. This lack of fish
resources is especially interesting because the site is located on the Santa Cruz
floodplain, and was actually inundated multiple times over its period of
occupation. If fish were available in these riparian areas, they were not being
used by the inhabitants of Las Capas.

Amphibians were one of the more commonly found groups of non-
mammalian taxa in the three occupation levels at Las Capas, but it is doubtful
that these potential burrowers were deliberately introduced to the site, or even
that they are of archaeological age. Amphibians were the most common non-
mammal in the Early San Pedro occupations, largely due to the 60 bones from
several complete toad skeletons (Bufo sp.) that accounted for 60.7 percent of all
amphibian specimens. In the Late San Pedro horizons, amphibians made up 1.5
percent (n = 42) of the assemblage, but once again these are likely to be
intrusive. No amphibians were found the Early Cienega assemblage.

By far the most common reptiles found at Las Capas were turtle/tortoise
(Testudinata) and poisonous and non-poisonous snakes (Serpentes). The
presence of these animals can be difficult to interpret. The turtle/tortoise

remains at AA:12:92, Las Capas, and Los Pozos are largely represented by shell
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remains, which may be used for tools, bowls, or decoration (see Table 3.5). The
snake remains, on the other hand, may represent food or intrusive animals. In
the Early San Pedro assemblage, reptiles made up 4.1 percent of the assemblage
(n=37). In the Late San Pedro, reptiles were represented by turtle or tortoise
(1.8 percent, n = 50), including some identified as mud turtle (Kinosternon sp.)
or desert tortoise (Gopherus agassizi), as well as poisonous (Crotalus sp.) and
non-poisonous (Colubridae) forms of snakes, which were represented by 41
bones (1.4 percent). In the Early Cienega phase assemblage, reptiles contributed
four turtle/tortoise shell fragments (3.2 percent) and one specimen (0.8 percent)
from a rattlesnake.

Birds were extremely rare in all three occupation levels. They made up

only 1.7 percent (n = 15) of the assemblage in the Early San Pedro period, 1.4

Table 3.5. NISP of turtle/tortoise body part representation
at AA:12:92, Las Capas and Los Pozos.

Site Shell NISP  NISP Other % Shell
AA12:92 12 1 92.31
Las Capas 80 0 100.00
Los Pozos 73 30 70.87

percent (n = 41) of the total NISP in the Late San Pedro, and contributed only
one bone (0.8 percent) in the Early Cienega assemblage. Some of these taxa are
likely prey species, including the quail, roadrunner (Geococcyx californianus),

and dove (Zenaida sp.). However, others may have been hunted or trapped for
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their plumage or for ritual reasons, especially the raptors, such as the vulture
(Cathartidae), the sharp-shinned hawk (Accipiter striatus), and the unspecified
large hawk (Buteo sp.). The many small birds, including small perching birds
(Passeriformes), woodpecker (Pjcidae) and crow (Corvus sp.), may represent
intentionally hunted or trapped animals, or they may be animals that entered the

site without human intervention.

Taphonomic Factors Affecting Bone at Las Capas

A variety of taphonomic factors affected the assemblage from Las Capas,
including deliberate cultural modifications, non-human animal modifications,
and pre- and post-depositional natural processes (Table 3.6). Details of the
taphonomy of this site are presented in Appendix 2. Only 133 (1.6 percent) of
the specimens from Las Capas showed any sign of cultural modification,
including cut or chop marks, pigment staining, or use as a boné tool or artifact.
The most commonly identified cultural modification was tool/artifact
manufacture or possible tool/artifact manufacture (a complete description can be
found in Waters and Griffitts 2003). Most tools were made from large mammal
remains. QOut of 103 tool/artifacts or possible tool/artifacts, 73.8 percent (n =
76) éame from large mammal bone fragments or identifiable artiodactyl species.
Tools and artifacts made up 5.7 percent (n = 76) of all artiodactyl and large
mammal fragments. Out of the identifiable artiodactyl specimens, 21 (14.1

percent) were bone tools. Cut or chop marks and pigmentation were only rarely
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Table 3.6. The percentage of NISP of major taxonomic groups affected by
common taphonomic processes at Las Capas.

% Burned % Calcium % Abraded % Non-cultural Total NISP

Carbonate Staining

Fish 1
Amphibians 5.36 16.07 112
Reptiles 10.53 24.81 10.53 28.57 133
Birds 5.81 3.49 3.49 37.21 86
Lagomorphs  20.46 12.22 12.00 19.36 3207
Rodents 1.15 1.72 3.45 12.64 174
Carnivores 21.74 14.49 2.90 20.29 69
Artiodactyls  34.23 17.45 13.42 13.42 149

found on faunal remains at Las Capas.

Non-cultural modifications. Bone can be exposed to many potentially
destructive non-cultural forces, such as weathering and acidic soil, both before
and after deposition. Non-cultural staining, the result of post-depositional
processes, and not the intentional result of human actions, comes from soil
minerals, organic content in the matrix, and contact with burnt sediments that
may stain all or part of a bone to a dark or reddish color. This staining was
found on 19.9 percent (n = 1668) of bone at Las Capas. The fact that the site
flooded frequently may also have added to the likelihood that bone would be
stained.

Abrasion/polishing was also quite common on bone from Las Capas. On
these bones, the edges had been worn down, and all roughness removed from the

bone surface. The effect was similar to putting green bone into a gem tumbler.
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Because the site of Las Capas was flooded frequently, it is possible that those
flooding events caused this natural abrasion. Non-cultural abrasion was more
common on specimens from major prey taxa than on other species. Abrasion
was found on 12 percent (n = 385) of lagomorph bones, and 13.4 percent (n =
20) of artiodactyl bones. However, abrasion was found on only 3.5 percent (n =
6) of rodent bones, 2.9 percent (n = 2) of carnivore bones, and 5.1 percent (n =
17) of non-mammal bones. This may suggest a difference in disposal patterns of
major prey remains/food remains when compared to other taxa.

Another common non-cultural modification found at the site of Las Capas
was calcium carbonate build-up on the bone. In total, 10.2 percent (n = 851) of
the bone at Las Capas had some build-up of calcium carbonate on the surface.
The effect of calcium carbonate on the bone surface appears to have been fairly
mild. A small proportion, 8.3 percent (n = 692) of the specimens, had calcium
carbonate on less than one-quarter of the bone surface, while only 0.2 percent (n
= 16) had calcium carbonate covering more than three-quarters of the surface of
the bone.

There was almost no difference in the proportion of specimens with
calcium carbonate buildup between taxonomic groups, except that rodents had
very few bones subject to buildup. Among lagomorphs, 12.6 percent (n = 404)
of the bones had some amount of calcium carbonate covering. In the artiodactyl
assemblage, 17.5 percent (n = 26) had some form of buildup. However, among

the rodents, only 1.7 percent (n = 3) had any calcium carbonate coating. This
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does not necessarily suggest that all of the rodent remains were intrusive or that
they post-dated the other bone, but it does suggest that rodent remains were
deposited at the site in a different way from the other species, including those
bones most likely to end up as food refuse. Other likely non-prey species,
however, do not conform to this expectation. Among the carnivores, 14.5
percent (n = 10) show evidence for calcium carbonate buildup. Among all fish,
amphibian, reptile, and bird species, 12.7 percent (n = 42) had a coating of
calcium carbonate.

Animal gnawing, root etching, erosion or weathering, pathologies, and
crystal growth were the other non-cultural post-depositional taphonomic forces
noted during the analysis. Acid from roots can eat away at the surface of a bone,
and can destroy bone in extreme cases (Lyman 1994:376). Erosion refers to the
partial or complete destruction of the bone surface, and can be caused by a
variety of post-depositional factors, including exposure on the surface and acidic
soil (Lyman 1994:354). This study made no attempt to distinguish between the
factors which could cause surface erosion on bone or to codify the degree of
erosion or weathering. Only a small number of specimens were affected by these
factors.

Burning was fairly common at the site of Las Capas. In all, 22.2
percent (n = 1863) of faunal material at the site showed evidence for some
degree of burning. Most bones were only lightly or partially burned. Out of all

of the burned bone, 57.4 percent (n = 1070) were light brown in color or
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partially charred. The highest degrees of burning, represented by those
specimens which were blue/gray in color or calcined, made up only 14.4
percent (n = 269) of the burnt bone.

Burning was more common among the remains of major prey taxa.
Artiodactyls and lagomorphs had the highest degree of burning at 34.2 percent
(n=51) and 20.1 percent (n = 646), respectively. Burning was also fairly
common among carnivore remains, however. A total of 21.7 percent (n = 15) of
carnivore bone was burnt. There were very few burnt remains among rodent
and non-mammalian specimens. Only 1.2 percent (n = 2) of the rodent remains
were burnt, and 5.7 percent (n = 19) of the non-mammalian specimens.

Fragmentation. The vast majority of animal bones at Las Capas were
highly fragmented. In all, 76.5 percent (n = 6404) of the specimens represented
less than one-quarter of the original size of the bone. Out of those specimens
that could be identified to order or better, 58.5 percent (n = 2300) were only
one-quarter of the complete bone. Fragmentation rates varied considerably
among taxonomic groups, although this partially reflects different levels of
identifiability, as well as differential cultural and non-cultural taphonomic
factors, such as butchering, intrusiveness, and in sifu destruction.

Specimens that were complete, nearly complete, or more than three-
quarters complete were more common among taxonomic groups that were likely
to be intrusive or not food resources, than among the dietary staples. A total of

47.1 percent (n = 82) of rodent bones had a high degree of completeness.
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Similarly, 35.5 percent (n = 121) of non-mammals and 53.6 percent (n = 37) of
carnivores were represented by specimens that were complete, close to complete,
or more than three-quarters complete. Economically important taxa were
represented by more heavily fragmented specimens. In all, 14.1 percent (n=21)
of artiodactyl specimens were complete, nearly complete, or more than three-
quarters complete. Only 17.7 percent (n = 569) of lagomorph remains fell into
the more complete categories. Among lagomorph remains, 62.7 percent (n =

2012) were less than one-quarter of the complete bone.

Los Pozos

The vertebrate faunal remains from the site of Los Pozos were recovered
during the I-10 Corridor Improvement Project from Tangerine Road to the I-19
interchange. The total zooarchaeological assemblage from Los Pozos consisted
of 14,597 pieces of non-human animal bone dating to the Late Cienega phase,
including 7832 (53.7 percent) which could be identified to order or better (Table
3.7; detailed tables can be found in Appendix 2; see also Waters 2003a,b;
Wocherl 1999, 2001). For the Late Cienega phase fauna, the zooarchaeological
data can be placed into relative temporal categories based on fluoride dating of
features. This dissertation uses the most conservative interpretations of the
fluoride dates, as defined by the principle investigator, David Gregory (see
Schurr and Gregory 2002). Most of the deposits could not actually be placed in

relative sequence; only 46.6 percent (n = 6788) of the fauna could be assigned to
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Table 3.7. Percentage of NISP for faunal remains from Los Pozos divided
into conservative fluoride date groups.

Earliest Middle Late Overall (including Unknown)

Fish 0.10
Amphibians 0.28 0.45 2.35
Reptiles 0.73 1.78 1.40
Birds 1.14 0.16 0.62 0.87
Lagomorphs  92.05 7792  85.73 78.77
Rodents 3.41 2.83 4.01 2.89
Carnivores 0.73 0.27 2.13
Artiodactyls 3.41 17.36 7.14 11.48
Total NISP: 88 2477 1121 7832

relative temporal categories using the fluoride dating.

Species Representation

As at AA:12:92 and Las Capas, lagomorphs were the most common
animals found at the site of Los Pozos. They comprised 78.8 percent (n = 6169)
of the total NISP. Jackrabbits were more common than cottontail rabbits at the
site. Jackrabbits alone made up 59.6 percent (n = 4665) of NISP. Artiodactyls
were the next most common taxonomic group, making up 11.5 percent (n = 899)
of the assemblage. This is in contrast to the site of Las Capas, where
artiodactyls were always less than 5 percent of the assemblage in any occupation
level. Rodents were represented by 226 specimens (2.9 percent of NISP) from
nine different taxa. Among rodents, however, 26.6 percent (n = 60) of the

specimens appear to have been intrusive (Table 3.2). Most of these remains
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probably date to the time of site occupation, but skeletal completeness suggests
that they were not food refuse. The rodents were closely followed in number by
the carnivores, which made up 2.1 percent (n = 167) of the assemblage.
Non-mammalian taxa comprised only 4.7 percent of the total NISP.
Amphibians were the most common non-mammalian taxonomic group, at 2.4
percent (n = 184). However, most of these bones probably represent recent,
intrusive animals. Reptile specimens comprised 1.4 percent of the assemblage,
most of which were shell pieces from turtle or tortoise; As was discussed above,
many of these remains probably entered the site as shells used for tools or
decoration, rather than through primary hunting (Table 3.5). Birds were not well
represented at Los Pozos. Ten different taxa were represented by only 68
specimens (0.9 percent). The most common taxa, quail and roadrunner, are
likely prey species. Others, such as hawks and owls, may have been hunted for
feathers, ritual reasons, or they may be accidental intrusions into the assemblage.
Fish were represented at the site by only eight specimens (0.1 percent).
Although most of the bone from Los Pozos could not be separated into
distinct occupation periods, fluoride dating did allow some of the assemblage to
be divided into earliest, middle, and latest occupation deposits. These are only
relative dates, and it is not clear how many years are represented by each of these
divisions, but they facilitate the study of diachronic trends in the faunal data.
The earliest deposits yielded the smallest number of specimens, with only 88

bones identifiable to order or better, out of 195 found (45.1 percent). The
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middle-period occupation deposits from Los Pozos yielded 4115 bones, 2477 of
which could be identified to order or better (60.2 percent). In the latest deposits,
a total of 2478 bones were found, including 1121 (45.2 percent) that could be
identified.

Lagomorphs were the most common taxa in all occupation periods.
Lagomorphs made up 92.1 percent (n = 81) of NISP for the earliest assemblage,
77.9 percent (n = 1930) for the middle time period, and 85.7 percent (n = 961)
for the latest assemblage. In most cases, jackrabbits were far more common than
cottontail rabbits, except in the earliest features where cottontail rabbits
comprised 53.4 percent (n = 47) of the assemblage, compared to 38.6 percent (n
= 34) for jackrabbits. This is the only case at any of the three Early Agricultural
Period sites where cottontail rabbits were more common than jackrabbits. The
small sample size may account for this unusual occurrence.

Artiodactyls were fairly rare in all three occupation periods, as they were
at the site overall. In the earliest assemblage, artiodactyls were only represented
by three specimens (3.4 percent). However, they were 17.4 percent (n = 430) of
the middle time-period assemblage and 7.1 percent (n = 80) of the NISP from
the latest deposits. Rodents were a consistently small portion of faunal remains
from each time period. Only three rodent specimens (3.4 percent) were found in
the earliest features. Five different species of rodents were found in the middle
time-period, but they combined for only 2.8 percent (n = 70) of NISP. In the

latest features, rodents were 4 percent (n = 45) of the assemblage. It is likely
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that many of these animals were intrusive (Table 3.2).

Non-mammals were rarely found in these assemblages. In the earliest
occupations, one roadrunner (1.1 percent) was the only non-mammal specimen.
Reptiles, amphibians, and birds made up 1.2 percent (n = 29) of total NISP in
the middle occupations, and 2.9 percent (n = 32) of total NISP in the latest
deposits at Los Pozos. Most of these non-mammal specimens were turtle or

tortoise.

Taphonomic Factors Affecting Bone at Los Pozos

Signs of cultural and non-cultural taphonomic factors were noted as part of
the analysis of the Los Pozos fauna (Table 3.8). Detailed tables documenting the
affect of various taphonomic factors on the bone at Los Pozos can be found in
Appendix 2. Only 307 (2.1 percent) of the specimens from Los Pozos showed
any sign of deliberate cultural modification, including cut or chop marks,
pigment staining, or use as a bone tool or artifact. The most commonly
identified cultural modification was tool/artifact manufacture or possible tool/
artifact manufacture (see Griffitts and Waters 2003 for a complete description).
Most tools were made from large mammal specimens. Out of 279 tool/artifacts
or possible tool/artifacts, 90 percent (n = 251) came from large mammal bone
fragments or identifiable artiodactyl species. Tools and artifacts represent 9
percent (n = 251) of all artiodactyl and large mammal fragments. Out of the

identifiable artiodactyl specimens, 127 (14.1 percent) were made into bone tools.
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Table 3.8. The percentage of NISP of major taxonomic groups affected by common
taphonomic processes at Los Pozos.

% Calcium Carbonate % Root Etched % Eroded % Burned Total NISP

Fish 12.50 87.50 8

Amphibians 55.43 38.04 20.65 1.09 184
Reptiles 42.73 10.00 8.18 18.18 110
Birds 26.32 32.63 14.74 5.26 95

Lagomorphs 49.96 22.99 12.45 26.11 6169
Rodents 25.66 26.11 3.10 7.08 226
Carnivores 18.56 5.99 5.99 12.57 167
Artiodactyls 43.60 16.02 37.60 28.36 899

Cut or chop marks and intentional staining or pigmentation were extremely rare.
Fewer than 2 percent of specimens (n = 28) showed evidence for this kind of
cultural modification.

- Non-cultural modifications. The most common non-cultural
modification found at the site of L.os Pozos is calcium carbonate build-up on the
bone. This coafing of calcium carbonate can obscure the bone surface, and
make other surface modifications more difficult to identify. In all, 55.1 percent
(n = 8039) of the bone at Los Pozos had some build-up of calcium carbonate
on the surface. The majority of specimens, 37.7 percent (n = 5508), had
calcium carbonate buildup on less than one-quarter of the bone surface.
However, 4.5 percent (n = 653) had calcium carbonate covering more than
three-quarters of the surface of the bone.

It is interesting to note that major prey species had a very high percentage

of bones with calcium carbonate buildup. Among lagomorphs, 50 percent (n =
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3082) of the bones had some amount of calcium carbonate buildup. In the
artiodactyl assemblage, 43.6 percent (n = 392) had some form of buildup.
However, among the rodents, only 25.7 percent (n = 58) had any coating of
calcium carbonate. This does not necessarily suggest that all of the rodent
remains were intrusive or post-date the other bone, but it does suggest that
rodent remains were subject to different post-depositional environments than the
major prey species, perhaps due to differences in how the bones were deposited.
This also appears to be true for other likely non-prey species, such as carnivores.
Among the carnivores, only 18.6 percent (n = 31) show evidence for calcium
carbonate buildup. Non-mammals, in contrast, appear to have been exposed to a
similar post-depositional environment as the major prey taxa. Among all fish,
amphibian, reptile, and bird species, 44.1 percent (n = 175) had a coating of
calcium carbonate.

Root etching was another common taphonomic problem which affected
bone at Los Pozos. In all, 19.2 percent (n = 2808) of the bone at Los Pozos had
evidence for root etching. However, the degree of calcium carbonate buildup on
bones could have hidden root etching on some specimens. There does not appear
to be a significant difference in the proportion of root etching between
taxonomic groups. The percentage of bones with evidence for root etching is
between 15 to 30 percent for all of the taxa, except for carnivores; among
carnivore bones, only 6 percent (n = 10) had identifiable root etching.

A total of 2593 (17.8 percent) of bones at Los Pozos showed signs of
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erosion. In total, 37.6 percent (n = 338) of artiodactyl specimens were eroded to
some degree, while the other major prey species, the lagomorphs, also had fairly
high levels of erosion. Among lagomorph specimens, 12.5 percent (n = 768)
were eroded. Similarly, 12.9 percent (n = 51) of all non-mammal specimens
showed signed of erosion. In contrast, both rodents and carnivores had a low
proportion of eroded bone. Only 3.1 percent (n = 7) of the rodent bones were
eroded, and only 6 percent (n = 10) of the carnivore bones. This may be the
result of very different processes of deposition for these animals. For example,
if many rodents were intrusive, then their remains may have entered the
archaeological record through burrow deaths, and the bones would not have been
exposed on the surface. Some carnivores may also have been burrowers, such as
the gray fox (Urocyon cinereoargenteus), and some dog remains may have been
deliberately interred.

Non-cultural staining was found on 15 percent (n = 2195) of the bone at
Los Pozos. This staining was common in the main prey species, including 20.6
percent (n = 185) of artiddactyl specimens, and 18.4 percent (n = 1133) of
lagomorphs. It is likely that this staining resulted from the deposition of these
prey species with other trash refuse, including organic material and charcoal, that
could eventually leave stains upon the bone. Other taxonomic groupings whose
dietary significance are not as clear, such as the non-mammals, carnivores, and
rodents, show very low levels of staining. Only 11.1 percent of rodent remains

were stained (n = 25), while staining was found on 9 percent (n = 15) and 9.1
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percent (n = 36) of carnivore and non-mammal remains, respectively.

A small number of faunal remains from Los Pozos showed evidence of
other non-cultural modifications, including abrasion or natural polishing,
fossilization, pathologies, animal gnawing and crystals adhering to the bone.
Unlike the assemblage from Las Capas, very little of the bone at Los Pozos was
abraded. This site was not flooded during or after its period of occupation, and
that may account for this difference. Animal gnawing did not significantly affect
the assemblage. Only 2.7 percent (n = 389) of all bone had evidence for rodent
or carnivore gnawing or digestion.

Burning was fairly common at the site of Los Pozos. In all, 29.9
percent (n = 4360) of faunal material at the site showed evidence for some
degree of burning. Most bones were only lightly or partially burned. Out of the
total burned bone, 58.9 percent (n = 2570) were light brown in color or partially
charred. Blue/gray and calcined specimens made up only 14.6 percent (n =
637) of the burned bone.

Burning was more common among the major prey species than among
other taxonomic groups. Artiodactyls and lagomorphs had the highest degree of
burning at 28.4 percent (n = 255) and 27.4 percent (n = 1692), respectively.
Burning was also fairly common among carnivore remains, however. A total of
12.6 percent (n = 21) of carnivore bone was burnt. There were very few burned
remains among rodent and non-mammalian specimens. Only 7.1 percent (n =

16) of the rodent remains were burned, while 6.8 percent (n = 27) of the non-
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mammalian specimens were burned.

Fragmentation. The vast majority of animal bones at Los Pozos were
highly fragmented. In all, 72.3 percent (n = 10,558) of the specimens were less
than one-quarter of the original size of the bone. Out of those specimens which
could be identified to order or better, 53.3 percent (n = 4186) represented only
one-quarter of the complete bone. Specimens that were complete, nearly
complete, or more than three-quarters complete were more common among
taxonomic groups that were likely to be intrusive. A total of 43.8 percent (n =
99) of rodent bones fit into these categories. Similarly, 34 percent (n = 135) of
non-mammals and 21 percent (n = 35) of carnivores specimens had a high
degree of completeness. A surprisingly high proportion of artiodactyl specimens
were also complete bones. In all, 18.5 percent (n = 166) were complete, nearly
complete, or more than three-quarters complete. This may reflect the
dominance of small foot bones in the assemblage, since these often enter the
archaeological record whole. In contrast, only 12.5 percent (n = 772) of
lagomorph remains fell into the more complete categories; 55.4 percent (n =
3418) of all lagomorph remains were less than one-quarter of the size of the
complete bone.

Screening bias. Most of the floatation heavy fraction material from Los
Pozos was not saved. Therefore, only four samples of heavy fraction could be
analyzed, and only one, from Feature 258.02, yielded any bone. A total of 20

bones were found in the sample. The species distribution suggests that,
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although cottontail rabbits may be underrepresented in the Y-in. screened
assemblage, it is unlikely that a large number of small taxa, such as rodents or
fish, were lost through screening bias.

Forty percent (n = 8) of the fauna from the heavy fraction belonged to
cottontail rabbits, while 25 percent (n = 5) belonged to jackrabbits. This is a
much higher number of cottontail rabbits compared to jackrabbits than is seen at
the site as a whole, possibly because smaller cottontail rabbit elements, such as
phalanges and metapodials, could be lost through Y4-in screens. Artiodactyls and
unidentifiable turtle/tortoise were each represented by one specimen. The heavy
fraction assemblage had a high degree of identifiability. Only five specimens (25

percent) could not be identified to order or better.

Database of Published Faunal Materials

Although the sites of Las Capas, Los Pozos, and AA:12:92 produced
some of the largest faunal assemblages from the Early Agricultural Period, these
sites alone do not provide sufficient material to fully illustrate the economic and
ecological consequences of the development of the earliest villages. This
dissertation, therefore, tries to put these Early Agricultural Period faunas into the
broader context of Southwestern agricultural economies through both time and
space. In addition to the faunal assemblages that I directly analyzed or aided in
analyzing, I created a database of published faunal materials from southern

Arizona, spanning the Middle Archaic through the Hohokam Classic period.
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This study includes information on 102 assemblages, from 81 discreet sites, that
contributed a total number of 76,995 identified specimens of bone (Appendix 3;
Table 3.9). Most of the sites in this analysis were from the Phoenix or Tucson
basins, since most of the excavations in southern Arizona have occurred in these
areas. This study did not include data from the Tonto basin, because the
ecological differences between the Tonto basin and the more arid regions of
southern Arizona could mask important trends in faunal procurement.

These sites were chosen for this comparative study because they had
sample sizes of over 100 identifiable specimens (NISP, defined as all specimens
identified to order or better, although bones identified to a non-mammalian class
were also included). An exception to this rule was made for Middle Archaic
period sites, and for fieldhouse/farmstead sites or temporary logistic camps,
since these tend to be quite small. In order to ensure that these assemblages |
would not be significantly underrepresented in this study, I included all Middle
Archaic and non-village sites with NISP of 50 or greater. The sample size
limitations were imposed in order to avoid significant problems that could result
from sample bias in small assemblages. Furthermore, many of the analyses in
this study are based on sub-sets of assemblages. For example, Chapter 4 is
focused only on the rodents found in these sites. Setting a minimum sample size
limit ensures that these analyses are not run on only a handful of bones, which
would cast doubt on the meaning of any trends.

All of the sites used in this database were screened with %-in. screens. If
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Table 3.9. Published faunal materials used in this study.

Site Site Number Reference
AA:12:92 AZ AA:12:92 (ASM)  Dean 2003
AA:16:161 AZ AA:16:161 (ASM) Gillespie 1989b; Szuter 1989a, 1991
Alder Wash AZ BB:6:9 (ASM) Szuter 1989a, 1991
Antelope Glyph AZ T:4:16 (ASM) Bayham and Hatch 1985a;
Szuter 1989a, 1991
Arroyo Site AZ AA:3:28 (ASM) Bayham 1986
Ballcourt AZ EE:2:105 (ASM)  Glass 1984; Szuter 1989a, 1991
Bid Kih Ruin AZ AA:15:79 (ASM)  Gillespie 1994
Big Ditch AZ BB:2:2 (ASM) Szuter 1989a, 1991
Brady Wash Locus B AZ AA:3:19 (ASM) Szuter 1989a, 1991; Weaver 1988
Bumblebee AZ EE:2:113 (ASM)  Glass 1984; Szuter 19892, 1991
Carpet AZ T:4:12 (ASM) Bayham and Hatch 1985a;
Szuter 1989a, 1991
Casa Buena AZ T:12:37 (ASM) Hatch and Howard 1988;
Szuter 1989a, 1991
Cienega AZ BB:9:143 (ASM)  Johnson 1990; Szuter 1989a, 1991
Clearwater AZ BB:13:6 (ASM) Diehl and Waters 1997
Coffee Camp AZ AA:6:19 (ASM) James 1993
Columbus AZ V:9:57 (ASM) Sparling 1978; Szuter 1989a, 1991
Cortaro Fan AZ AA:12:486 (ASM) Roth 1989
Dairy AZ AA:12:285 (ASM) Szuter 1989a, 1991
Dakota Wash AZ AA:16:49 (ASM)  Szuter 1989a, 1991
Deerhead AZ T:8:18 (ASM) Bayham and Hatch 1985a;
Szuter 1989a, 1991
Donaldson AZ EE:2:30 (ASM) Eddy 1958; Huckell 1995b;
Szuter 1989a, 1991
Dust Bowl Site AZ U:15:76 (ASM) Szuter 1984, 1989a, 1991
East Ruin AZ V:9:68 (ASM) Sparling 1978; Szuter 1989a, 1991
El Arbolito AZ EE:1:153 (ASM)  Huckell 1987d
El Polvoron AZ U:15:59 (ASM) Szuter 1984, 1989a, 1991
Ellsworth AZ U:15:57 (ASM) Szuter 1984, 1989a, 1991
Escalante Ruin AZ U:15:3 (ASM) Sparling 1974; Szuter 1989a, 1991
Fastimes AZ AA:12:384 (ASM) Gillespie 1988a
Frogtown AZ U:15:61 (ASM) Szuter 1984, 1989a, 1991
Gate Site AZ AA:3:8 (ASM) Bayham 1986

Gayler Ranch AZ EE:2:76 (ASM) Glass 1984; Szuter 1989a, 1991
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Table 3.9. Continued.

Site

Site Number

Reference

Gopherette Site
Grewe

Gu Achi
Hawk's Nest
Hodges
Houghton Road
Ironwood

Jones Ruin
Jullian Wash
Junkyard Site
La Ciudad

La Cuenca del Sedimento

La Lomita
Las Capasl
Las Casitas
Las Colinas
Las Fosas
Lonetree
Lookout Site

Los Morteros
Los Pozos
Marana
McClelland Wash
Monitor
Muchas Casas
Pecan

Picacho Pass
Pueblo Grande
Pueblo Salado
Redtail

Rillito Fan
Saguaro Site

AZU:15:87 (ASM)
AZ AA:2:2 (ASM)
AZ 7:12:13 (ASM)
AZ AA:12:484 (ASM)
AZ AA:12:18 (ASM)

AZ T:8:17 (ASM)

AZ U:15:48 (ASM)
AZ BB:13:17 (ASM)
AZU:15:33 (ASM)
AZ T:12:1 (ASM)

AZ U:9:68 (ASM)
AZ U:9:67 (ASM)

AZ AA:12:111 (ASM)
AZU:15:27 (ASM)
AZ T:12:10 (ASM)
AZ U:15:19 (ASM)
AZ AA:12:120 (ASM)
AZ S:7:30 (ASM)

AZ AA:12:57 (ASM)
AZ AA:12:91 (ASM)
AZ AA:12:251 (ASM)
AZ AA:T:15 (ASM)
AZ V:9:56 (ASM)

AZ AA:12:368 (ASM)
AZ AA:7:62 (ASM)
AZ AA:T:32 (ASM)
AZ U:9:7 (ASM)

AZ T:12:47 (ASM)
AZ AA:12:149 (ASM)
AZ AA:12:788 (ASM)
AZ U:15:77 (ASM)

Szuter 1984, 1989a, 1991

Assad Hunter 1999

Johnson 1980; Szuter 1989a, 1991
Gillespie 1988b; Szuter 1989a, 1991
Heidke et al. 1996

Cairns and Ciolek-Torrello 1998
Bayham and Hatch 1985a;

Szuter 1989a, 1991
Szuter 1984, 19893, 1991

Wagener 2003
Szuter 1984, 1989a, 1991
Hatch, James and Bayham 1987;

Szuter 1989a, 1991
James 1989

James 1990a

Waters 2003a,b

Sparling 1975; Szuter 1989a, 1991
Szuter 1989a, 1989b, 1991

Szuter 1984, 1989a, 1991
Gillespie 1990

Bostwick and Hatch 1988;

Szuter 1989a, 1991
Gillespie 1995

Waters 2003a; Wocherl 2000
Kendall 2002

Szuter 1989a, 1991; Weaver 1988
Sparling 1978; Szuter 1989a, 1991
James 1987; Szuter 1989a, 1991
Szuter 1989a, 1991; Weaver 1988
Szuter 1989a, 1991; Weaver 1988
James 1994

Stratton 1995

Gillespie 1989c¢

Dean 2003

Szuter 1984, 1989a, 1991
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Table 3.9. Continued.

Site

Site Number

Reference

San Xavier Bridge Site

Santa Cruz Bend
Sidewinder Ruin
Siphon Draw
Stonepipe
Strickland
Sunrise

Sunset Mesa
TaDai Ruin
Tanque Verde Wash

Terrace Garden

Tin Horn Wash
Valencia Site
Valley Farms
Waterworld
West Branch
Wetlands
Whip-it

AZ BB:13:14 (ASM)

AZ AA:12:746 (ASM)

AZ U:15:32 (ASM)
AZU:10:6 (ASM)

AZ BB:13:425 (ASM)

AZ T:4:1 (ASU)
AZ T:8:16 (ASM)
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the fauna from Y“-in screens was tabulated separately from fauna that was

collected through other methods, such as bulk samples or '/s-in. screening, then

only the Y4-in screened fauna was included in this database. Some of the sites

did report that small numbers of bones had been collected through fine

screening, but this portion of the assemblage was not separated in the published

data. These sites were included in the database if the vast majority of the faunal

recovery was through Ys-in. screens. Unfortunately, several important Hohokam

sites, such as Snaketown and Ventana Cave, were excluded from this database
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because the deposits had not been systematically screened or because some
portion of the fauna, such as the non-mammalian taxa, were not completely
analyzed or published. Because this study focuses heavily on the abundance of
small animals (rodents and rabbits), as well as the relative proportions of large to
small animals, it was very important that all of the material in the database have
been recovered using roughly the same methodology. Some sites, such as
Ventana Cave, are referred to when appropriate for comparative purposes.
However, it was not included as part of the larger database, because it had not
been systematically screened.

Finally, sites were excluded from this database if they were extremely
unusual in some way and therefore they were not a good reflection of ordinary
human behavior. In some of these cases, the fauna was completely or almost
completely the result of unusual deposits. For example, the Soho phase deposits
from the site of Casas Pequeiias (AZ U:15:97 [ASM]) were excluded because 59
percent of all of the faunal material was derived from an individual dog burial
(Szuter 1984, 1989a). Other sites were excluded because a large proportion of
the faunal assemblage did not appear to be deposited by humans. For example,
the site of Lizard Man (AZ AA:7:27 [ASM]) was excluded because the
assemblage was almost entirely made up of toads and bats (Szuter 1989a;
Weaver 1988).

Where possible, site assemblages were divided into smaller temporal

units. For example, the site of Las Capas had occupation levels from the San
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Pedro period as well as the Early Cienega period. Therefore, it was counted in
the database as two separate assemblages, one dating to each period. Separate
occupation levels within the same time period were not separated, however.
Therefore, although multiple occupation phases can be distinguished within the
Late Cienega period at Los Pozos, these were all treated as one assemblage in
this database.

The assemblages in the database span the time period from the Middle
Archaic through the Classic. Four of the assemblages in the database date to the
Middle Archaic period. Five are from the San Pedro phase and six from the
Cienega phase. Two sites were only identified as Early Agricultural Period.
Both of the sites, Clearwater and Coffee Camp, were counted in this database as
part of the Cienega phase. Three sites dated to the Early Ceramic period, and six
to the Pioneer period. The majority of the assemblages date to the later
Hohokam periods. Twelve date to the Colonial period, twenty-six to the
Sedentary, and thirty-eight to the Classic period. If sites were multi-component,
and the components could not be separated, they were entered into the database
as part of the last period of occupation.

Most of the assemblages, 54 in total, were from the area around Tucson.
Only 29 were from the Phoenix area. The difference between the two regions is
largely in the number of earlier period sites. Most of the Middle Archaic, Early
Agricultural Period, and Pioneer period assemblages are from the Tucson area.

Among later Hohokam period sites there is little difference in the representation
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of the Phoenix and Tucson basins. Nineteen sites were located in other parts of
southern Arizona, including the San Pedro valley, the Picacho Peak area, the Salt
and Gila Rivers east and west of Phoenix, and the western deserts.

Sites, or portions of sites, were assigned a function based on the
description in the site report. Obviously, many sites were multi-component, and
function changed spatially or temporally within the site. Therefore, site
functions were defined very broadly. The vast majority of assemblages, 60 in
all, came from sites or components of sites described as villages or hamlets.
This reflects the greater likelihood that a village site would be excavated and
produce a faunal assemblage that was large enough to be included in this
database. Twenty sites were described as farmstead/fieldhouses or probable
habitation sites. Seven were described as seasonal or logistic camps. The
function of the site was unknown for 15 assemblages.

The majority of assemblages used in this database were collected at sites
that were located below 800m in elevation. Most village sites are located 1n
lower elevations, along rivers or on terraces just above the floodplains. This
accounts for the 87 sites found at these elevations. Only ten of the assemblages
discussed here were collected from above 800m. For five of the sites, the
elevation could not be determined from published information.

The sites included in this database are located in a variety of habitat zones
within southern Arizona. Therefore, settlement patterns, subsistence patterns,

and agricultural adaptations were potentially very different. As was discussed in
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Chapter 2, access to water and the close proximity of a variety of environmental
zones had a profound effect on historic and prehistoric agricultural populations.
Thirteen of the sites in this database were located in the core region of the
Hohokam culture, along the Salt and Gila Rivers. These sites, whether large
villages like Escalante Ruin, or small farmsteads, like La Cuenca del Sedimento,
would have been part of large irrigation networks with readily available water
from permanent rivers. However, the Phoenix basin is hotter, dryer, and has less
variation in elevation than some other regions of southern Arizona. Therefore,
resources from the upper bajadas may have been less important, and the
inhabitants were primarily focused on raising Mesoamerican domesticates (Fish
and Nabhan 1991; Gasser and Kwiatkowski 1991b). Weedy annuals, like little
barley, were common as alternative or supplementary food sources in this area,
and agave was probably planted on the outskirts of irrigated fields (Gasser and
Kwiatkowski 1991b). Wild riparian plant resources, especially mesquite, were
critically important in these areas, and were probably encouraged in and around
irrigated fields (Fish and Nabhan 1991; Gasser and Kwiatkowski 1991b). One
result of the nature and distribution of available resources was a more densely
packed population along the Salt/Gila than in other Hohokam areas (P. Fish and
Fish 1991).

Significantly different farming techniques, resources, and settlement
patterns were found in sites located along the Santa Cruz River and its tributaries

in the Tucson basin. Here, the floodplains are narrower, and river water may
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have been less reliable, but overall rainfall is higher (P. Fish and Fish 1991; Fish
and Nabhan 1991; Gasser and Kwiatkowski 1991b). Also, the elevation
gradient is steeper, with a greater diversity of habitats within a short foraging
distance from major sites (P. Fish and Fish 1991). Irrigation agriculture on the
floodplains was practiced in this area, as along the Salt/Gila, especially at large
sites like Hodges Ruin. However, many prehistoric populations in the Tucson
basin followed mixed agricultural strategies that included irrigation agriculture in
the floodplains, ak-chin farming on alluvial fans using floodwater runoff, and the
use of rock-pile fields and other techniques for farming in bajada environments
(Fish 1995; Fish and Fish 1992; Gasser and Kwiatkowski 1991b). Wild plants
may have been more important resources at these sites, especially cacti and
agave, whether cultivated or wild-growing (Gasser and Kwiatkowski 1991b). In
general, communities in the Tucson Basin required more land per person, since
less land was irrigable. This resulted in a more dispersed settlement pattern, and
one that tended to include more land laterally out from the river (P. Fish and Fish
1991). Twenty-one of the sites in this database were located along the Santa
Cruz River and its tributaries, including the Early Agricultural Period sites of
AA:12:92, Las Capas, and Los Pozos, located on the floodplain itself.

Another ecologically distinct group of sites are those located along
ephemeral watercourses, in or near bajada environments, where a mixture of
floodwater-farming techniques and dry farming techniques like rock piles were

used, along with a heavy supplement of wild resources (Gasser and Kwiatkowski



126

1991b). These communities were located in areas where riparian resources,
including mesquite bosques and riparian animal species, would not have been
readily available. This would include sites located in non-riverine areas
between the Salt/Gila and Tucson basins, as well as sites in the Avra Valley, New
River and Queen Creek areas, among others. A tdtal of 22 sites in this database
were located in these environments.

The diversity of sites allows us to consider changes in patterns of faunal
exploitation across time and space. Agricultural economies first developed in
the Early Agricultural Period, but they grew out of (or were imposed upon)
Middle Archaic adaptations, and they continued to change for thousands of years
after the first introduction of Mesoamerican domesticates. The remainder of this
dissertation will use the data presented here, especially the large database of
published archaeofaunas, to put the fauna from the early village sites of Las
Capas, Los Pozos, and AA:12:92 into this wider context in order to further our
understanding of the emergence and evolution of agricultural economies in the

desert Southwest.
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CHAPTER 4: SITE-USE INTENSITY, ANTHROPOGENIC
ENVIRONMENTAL CHANGES, AND THEIR EFFECT ON ANIMAL
SPECIES

Modern inhabitants of the Southwest live in a landscape shaped by
millennia of human modification (Fish 2000; Ford 2000; Nabhan 2000b). The
historic-period forces that have affected the ecosystems of the Southwest are
quite obvious; introduced Old World animals, water pumping, and dams created
easily recognizable affects in the form ’of over-grazing, changed vegetation
patterns, soil loss, lowering water tables, and desiccated riparian areas.
However, prehistoric populations in southern Arizona also had profound impacts
on their environment. Here, as in any inhabited région of the world, the
landscape was modified by human hands long before the well-documented
changes brought about by modern industrial societies (Redman 1999). Asa
predator species, humans had direct affects on the plants and animals in the
region. Prehistoric communities also had indirect impacts on the region through
their manipulation of the plant, animal, soil, and water resources necessary for
survival.

Modern concerns over environmental degradation often lead to the
conclusion that any human modification of the environment is inherently
destructive, but this is not always the case. The survival of traditional
agricultural societies is strongly tied to the land, and activities that negatively

impacted the soil quality, water resources, or edible plant and animal species
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would be contrary to their best interests. Several studies in the Sonoran Desert
have highlighted the importance of traditional agricultural systems in
maintaining and augmenting biodiversity through the manipulation of water, soil,
plant, and animal resources in ways that increase the density and richness of
available taxa (Mellink 1985, 1986; Nabhan et al. 1982; Rea 1979, 1997).
Increased biodiversity is a risk management strategy, a way of ensuring that
some food will be available, even in the leanest years, by encouraging the growth
of edible weeds in the fields or providing habitat for small mammals in dense
hedgerows (Fish 2000; Linares 1976; Minnis 1991). Wild plants and animals
may also be encouraged in anthropogenic environments because they provided
staple foods in their own right, such as mesquite left standing in fields, or
because their growth season fit into a particularly lean time, such as early spring
field greens (Rea 1997).

Ethnoecological studies suggest that people and the plant and animals
species in their environment can participate in a continuum of relationships from
the intense (e.g. domestication), to the casual (e.g. toleration and hunting of
hedgerow cotton rat populations), to the indirect, unintentional, and possibly
unwanted (e.g. the proliferation of certain insect pests in agricultural fields) (Bye
and Linares 2000). This same chtinuum can be applied to the relationships
between prehistoric communities and the animal taxa found in zooarchaeological
samples. Some of these taxa interacted with humans in a very direct way. For

example, lagomorphs and artiodactyls were major prey species and were hunted






