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As the Nation's principal conservation agency, the Depart-
ment of the Interior has responsibility for most of our na-
tionally owned public lands and natura! resources. This
includes fostering the wisest use of our land and water re-
sources, protecting our fish and wildlife, preserving the en-
vironmental and cultural values of our national parks and
historical places, and providing for the enjoyment of life
through outdoor recreation. The Department assesses our
mineral resources and works to assure that their develop-
mentisin the best interests of all our people. The Department
also has a major responsibility for American Indian reser-
vation communities and for people who live in Island Ter-
ritories under United States administration.
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" Foreword

In 1971, a multidisciplinary National Park Service research team
assembled in New Mexico to study past human adaptation to the seemingly
harsh, semiarid environment of the four corners region of the American
Southwest. A survey of Chacc Canyon National Monument and its environs
led in 1980 to legislation that expanded its boundaries, protected 33
outlying Chacoan structures and communities, and redesignated the area as
Chaco Culture National Historical Park.

To understand the conditions under which the prehistoric Chacoan
Anasazl lived, more detailed knowledge was needed of both past and present
environments and their changes over time in response to human influences.
In what ways was it different or similar to conditions nine hundred years
ago? What caused the abandonment of the area? What changes in plant and
animal communities occurred? How did this affect the prehistoric
subsistence activities? Was there adequate rainfall at the right time of
year to grow sufficient crops? The answers to these and other questionmns
were needed to authoritatively interpret the prehistoric Chaco culture to
the park visitor.

I am pleased to introduce this volume which is the latest entry in
the Chaco studies in this series. It contains a wealth of information on
the past and present environments of Chaco Canyon and the San Juan Basin.
Its usefulness extends to managers, interpreters, and archeologists whose
efforts center on the use of this knowledge to increase our understanding
of the past and our appreciation of the priceless legacy of our cultural
"heritage.

WILLIAM PENN MOTT, JR.
Director
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Preface

The National Park Service Chaco Project encompasses a number of
goals, some of which have grown more important as new knowledge is gained
about the size of the settlements and how they have changed through time.
Earlier estimations of population size have been questioned, as have sev-
eral explanations for the abandonment of the area, particularly as it may
have been precipitated by drought and arroyo cutting. Could other envi-
ronmental parameters have affected the Anasazi populations, and if so,
how? 1In order to evaluate these and other questions, numerous scholars
turned their attention to many facets of the puzzle.

By the latter part of the 1970s, an extensive list of formal publica-
tions in two series, Reports of the Chaco Center and Publications in
Archeology, Chaco Canyon Studies, were planned. A volume on environment
and subsistence, to be edited by William B. Gillespie, was listed as
Number 18E in the latter series. Bill Gillespie worked with a number of
investigators who received contracts from the National Park Service to
evaluate current flora and fauna in the Park and provide baseline check-
lists of species; to examine soils and water resources; to reexamine ideas
about climatic changes in the Chaco area and their effect on the prehis-
toric population; and to evaluate evidence indicative of prehistoric use
of available resources, especially botanical remains. Gillespie and Nancy
Akins, both members of the Chaco Project staff, analyzed fauna collected
from the excavated sites. Unfortunately, before all these studies were
completed and presented in final form to the Chaco Center, Gillespie's
term appointment ended and could not be extended. Just prior his depar-
ture, however, he was able to assemble many of the scholars at a symposium
entitled "Past Environment and Subsistence at Chaco Canyon, New Mexico”
which he chaired at the Annual Meeting of the Society for American Archae-
ology in San Diego in May 1981. Some of these presentations appeared in
Recent Research on Chaco Prehistory, Report of the Chaco Center, Number 8,
edited by W. James Judge and John D. Schelberg, 1984. These papers, of
necessity, were brief and often summarized only partial results on partic-
ular topics of 1investigation or presented tentative or interim
conclusions.

In addition to the expansion and renaming of the Chaco area in 1980,
the responsibility for publication of results also shifted. 1In the fall
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of 1984, 1 was asked to assume the role of general editor of the Chaco
publications, a move that was precipitated by the resignation of W. James
Judge, the general editor. By this time most of the investigators were
working on different projects, sometimes in other lands, and pursuing
other research questions.

The following is not a complete synthesis of all the various aspects
of study relative to environment and subsistence undertaken as part of the
Chaco Project. It contains only seven major reports and three appendices
that reflect some aspects of climate, flora and fauna, both past and
present. In order to provide the reader with a more comprehensive picture
of the studies carried out in Chaco, an introduction that outlines the
history of these studies from the earliest work in the Canyon through the
present 1s included. The bibliography in Appendix C 1lists additional
sources of information on natural science studies and archeological
analyses from other sites in Chaco and the San Juan Basin.

A synthesis will be written during the next few years. It will in-
clude a major section on the environmment, the available flora and fauna,
and changes in their availability through time. Meanwhile, it is hoped
that readers will be able to develop their own viewpoints and assessments
of Chaco Anasazi prehistory based on the data and references presented
here.

The authors of the seven chapters have been most helpful with their
comments and suggestions. To them, and to the current staff members of
the Division of Cultural Research, I owe a debt of thanks. Without their
generosity in assisting with the entire book as well as their chapters,
this volume would not have materialized.

This endeavor was not the work of any one person. Barbara L. Daniels
is the skillful editor who took the text and writing styles of numerous
contributors and reworked them into a uniform presentation. Jerry
Livingston drafted or re~drafted most of the illustrations to provide
visual conformity as well as handled layout and design of this volume.
Gloria J. Vigil typed and formatted the text into camera-ready copy; she
was assisted by Dolores M. Guenzi. To all these individuals I give my
thanks.




Introduction

Frances Joan Mathien

Research on various aspects of environment, albeit limited, began as
soon as archeologists started working in Chaco Canyon. A brief summary of
major archeological projects and their results is presented below.

The Hyde Exploring Expedition

The earliest study is that of Professor Richard E. Dodge who was in
Chaco Canyon in 1889-1900 as part of the Hyde Exploring Expedition begun at
Pueblo Bonito in 1896 under the scientific direction of Professor F. W.
Putnam and his field director, George H. Pepper (Pepper 1920:23-25).
Dodge, of Columbia University, examined the geological data with three
goals in mind: first, to compare the geographical conditions at the time
of occupation to those at the turn of the century; second, to determine
evidence for climatic or geographical change; and third, to gather evidence
that would indicate the lapse of time between abandonment of the pueblo and
the present. Profile maps of the north cliff were drawn; the fault line
was examined. Dodge noted an old water course near the front of the ruin
at a depth of ten feet, yet there was evidence of human occupation at even
greater depths--up to twenty feet below surface. He concluded the ruin was
occupied for a great length of time. Based on accumulations of gravels,
there were striking geographical changes after abandonment.

Studies of the arroyo walls and mapping of surface streams indicated
the flow of surface water into the Chaco. Most recent deposits in the
arroyo walls were formed during the present period of degradation of the
arroyo plaine. Pepper appreciated these contributions and applied this
knowledge to problems relative to his archeological excavations at Pueblo
Bonito. From local Navajos he had learned that there had been no arroyo in
the center of the Chaco Wash at the time their ancestors entered the area
and that the Navajos were still able to grow crops on the floodplain.
Pepper quoted Simpson who suggested the soils may have been fertile when
the earlier inhabitants lived in the pueblos, even though it was very arid
when Simpson was there (1920:25). The first questions about the environ-
ment and subsistence of the Chaco were already formed even if emphasis on
them was not as great as that placed on the architecture and material
culture of the Bonitians.
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During excavation, materials such as corn cobs, seeds, and nuts, as
well as coprolites were collected and curated at the American Museum of
Natural History. In his descriptions of the rooms excavated in Pueblo
Bonito, Pepper notes the presence of vegetal materials; however, no anal-
yses of these were ever published. It was not until recently that some of
these collections were examined (e.g., coprolites; Clary [1981, 1983,
1984]).

The School of American Research

The next major excavation in Chaco Canyon began in 1920 under the di-
rection of Dr. Edgar Lee Hewett of the School of American Research in Santa
Fe. Hewett's interest in how the Anasazi produced their crops had already
been aroused; he had published descriptions of irrigation ditches at sever-
al Chacoan sites, e.g., Una Vida and Kin Bineola (Kinbiniyol) (Hewett
1905).

While Hewett and his colleagues spent only the 1920-1921 season work—
ing at the site of Chetro Ketl, a report by Bradfield (1921) indicates an
attempt to integrate observations on the natural environment and resources
of the area with the archeological record. Discussion of the available
water sources in Chaco at that time and limited rainfall, plus evidence of
erosion of the Chaco Wash and the differences in species and number of
trees located along the Wash, led Bradfield to conclude that changes had
occurred in the enviromment throughout the centuries. He believed that
both water and trees had been more abundant in the past, but he could not
describe the rates of change or the exact conditions existing in previous
years.

Bradfield also noted a discrepancy between the faunal remains recov-
ered from Chetro Ketl and the animals observed in the canyon. Only small
game (rabbits and quail) were present in the Chaco area in 1920, yet buf-
falo, elk, deer, mountain sheep, bear, and smaller animals were represented
among the excavated bones. Corn, squash seeds, pinyon nuts, and beans, as
well as a number of unidentified plants and roots, were recovered and con-
sidered part of the prehistoric diet. Samples of yucca and rabbit fur
indicated the use of local resources for clothing. Pine beams used for
building construction were noted on the floors of rooms in Chetro Ketl.
Bradfield noted that the nearest source for this species in 1920 was 35-40
miles or more away in mountain forests (1921). Other species of pine,
cedar, and cottonwood were considered more plentiful in the canyon area.

The first season at Chetro Ketl and the reports resulting from it in-
dicate attempts to relate the local resources to the archeological record
and to infer, at least minimally, the behavior of the Chaco Anasazi.
Hewett did not return to Chetro Ketl until 1929, so this early attempt by
School of American Research scholars was carried no further; although
Hewett's colleagues did institute additional studies when they returned to
the canyon in the following decade. No detailed analyses of the material
from the 1920-1921 studies were reported. ’
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The National Geographic Society

In the interim, the National Geographic Society carried out a major
project at Pueblo Bonito. It was originally conceived as a five-year plan
with multiple goals which Judd (1954:vii, 9) described as including a study
of the physiography of Chaco Canyon and the agricultural practices of its
ancient inhabitants. He was to learn everything he could about domestic
water supply, sources of food and fuel, and the subsistence problems faced
by the inhabitants of Chaco Canyon. A number of scholars assisted him in
these studies. Annual symposia, held at Pueblo Bonito, included special-
ists in agronomy and botany, geology and physiology. Colleagues from the
U.S. National Museum analyzed faunal and botanical remains recovered from
Judd's excavations.

© Judd (1954:1-68) presents data on a number of artifact and ecofact
studies; he summarizes the dendrochronological research of A. E. Douglass
and the work of Kirk Bryan, who examined numerous aspects of the geological
record in Chaco and other washes in the Southwest. Judd's conclusions re-
flected the available evidence and deductions of these scholars. The
Bonitians and their neighbors were farmers who depended heavily on flood-
water agriculture. During the period of major florescence of the Anasazi,
the climate had been slightly wetter than it was during the Great Drought
of A.D. 1250. There had been several earlier droughts, but the inhabitants
had been able to survive because the groundwater level was higher, allowing
moisture in the soils to be replenished more easily when the infrequent and
scattered showers occurred on the floodplain. Judd believed that prior to
A.D. 1075, a dendrodate provided by Douglass, the Chaco Wash had not cut
below the floodplain of the canyon and thus both the available water supply
and the amount of gypsum may have maintained sufficient moisture levels and
good soils. (Analysis of soil samples taken during excavations in the
1920s indicated poor soil along the Chaco Wash.) By about A.D. 1075,
degradation of the arroyo began, and with time, it grew deeper, thus
preventing replenishment of water and nutrients to the floodplain. The
reversal of this slow process did not occur until around A.D. 1250, too
late for the inhabitants of the canyon; they had already left as it had
become more and more difficult to survive, especially in the mid-1100s.

- Bryan's research was presented in part in a number of articles begin-
ning in 1920. A list appears in the summary of his work in Chaco Canyon,
which also presents his broader conclusions for the larger Anasazi area and
the Southwest (1954). Bryan was aware of the work done by Dodge (1902a,
1902b, 1920) at Pueblo Bonito at the turn of the century and built on his
predecessor's observations. After acquiring Dodge's notes, Bryan returned
to some of the same locations in order to note differences in channel cuts.
The differences, when combined with Judd's interviews of local Navajos and
the results of a literature search for earlier descriptions of the area,
led these scholars to postulate several aggradations and degradations.

Temperature and precipitation data were collected from various sta-
tions. Bryan noted variations in vegetation depending on location, soils,
etc., and discussed the irrigation ditches recorded by Hewett in 1905 and
by Judd in front of the Pueblo Bonito trash mound, trenches that had been
excavated in an attempt to understand both geological events and cultural
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stratigraphy. The presence of springs and the effect of even slightly in-
creased precipitation on the availability of water were evaluated. Bryan
used ethnographic data on the Hopis in observing that many modern fields
are often located away from sources of permanent water such as springs.

Aboriginal use of pine, unavailable in Chaco Canyon at the time of the
National Geographic Society Expedition, provoked discussion among these
scholars. Had there been resources closer to Pueblo Bonito at the time of
its construction? Information gleaned from interviews with Navajo infor-
mants and a review of observations recorded by earlier explorers indicated
the presence of other trees such as willow along the wash in the mid-1800s.
Yet the pine used in Pueblo Bonito must have been cut in a mountain forest
and transported many miles to the site. Judd (1954:2-3) found no evidence
of transport scars on beams and Douglass indicated that his interpretation
of the tree-ring patterns suggested a constant water supply and more favor-
able growing conditions than existed in the 1920s. These data suggested to
Judd that the area had been deforested, leading to soil erosion, arroyo
cutting, a lowered water table, poorer crops, and eventually abandonment.

Data on food sources were not ignored. Judd (1954:61) provided lists
of vegetal remains recovered from Pueblo Bonito. In addition to the
maize, pumpkins, Rocky Mountain beeplant, walnuts, grape, prickly pear,
pinyon nuts, and wild potato later recovered by Judd in his excavations,
Pepper had found beans and wild sunflower (1920). Judd suggested the
Chacoans probably also used a number of other vegetal materials, as do
modern Pueblos and Navajos.

An evaluation of the use of local mammalian species was included (Judd
1954:64). 1In addition to those he recovered (mule deer, pronghorn, elk,
mountain sheep, jackrabbit, cottontail, grizzly bear, beaver, badger,
bobcat, porcupine, gray and red fox, coyote, and Indian dog), Judd also
commented on the presence of lion and bear claws that both he and Pepper
found, usually in a ceremonial context. He noted bear meat was a taboo
food among the modern Pueblo. Allen (1954:385-389) examined the canid
remains from Pueblo Bonito (Judd 1954: Appendix B).

In summary, the National Geographic Society Expedition was concerned
with two aspects of research addressed in the present volume: what were
the natural environmental factors that shaped and influenced the lives of
the Chaco Anasazi? How did these inhabitants utilize the resources avail-
able and react to even small changes in them? Many of the data and infer-
ences made as a result of the Expedition's work provided a strong basis for
future debate, reexamination, and additional research.

The School of American Research and University of New Mexico

Once the National Geographic Society completed work at Pueblo Bonito,
the School of American Research (in cooperation with the University of New
Mexico) returned to the canyon and initiated excavations at Chetro Ketl in
1929. Since Judd's report (1954) had not been published and only some of
Bryan's (1925, 1926, 1928, 1929) and Douglass' (1924) work had appeared in
professional journals, the students were unable to use the data of these
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scholars. The initial investigations by Bryan and Douglass were not
ignored, however; Florence Hawley, for example, continued to work with
Douglass. As a result of her work and the recent reanalysis of tree-rings
by Dean and Warren, the greathouse of Chetro Ketl is the best tree-ring
dated site (Dean and Warren 1983; Hawley 1933, 1934, 1938). While the
cores collected were utilized initially for ordering the chronology, these
cores were very useful in a reevaluation of the Chaco Anasazis' wuse of
their resources and estimations of climate in the area (Bannister et al.
1970; Rose 1979; Rose et al. 1982).

Other students of Hewett addressed different topics. Fisher (1934)
gathered data on rainfall and information on temperature from various sub-
stations in the area to calculate the number of frost-free days, correlated
runoff in the Chaco, estimated the population that could be supported based
on the amount of water available, and analysed information from tree rings.
He relied on Bryan's evaluation of channel filling and degradation and was
in agreement with the interpretation published later by Bryan (1954) and
Judd (1954). Water for floodwater farming, or lack thereof, led to the
downfall of Chaco, even though Fisher believed that the fields were still
fertile,

Other research done includes survey of invertebrate fossils (Vann
1931). Thirty were described, as were sharks' teeth and algae. Dr. John
Keur studied Threatening Rock during the summer of 1933; it fell in 1941
(Keur 1933; Keur and Keur 1935). William Chauvenet (1935) was concerned
with soil erosion and protection of Kin Kletso (Yellow House). Photographs
indicate the condition of the arroyo at several places (Chauvenet 1935).
He noted ruins along the edge of the arroyo bank and recorded portions that
collapsed during the period of his work in the area. His thesis documents
the condition of the arroyo at one particular period and its changes, both
natural and through stabilization. Another subject was undertaken by
Francis Elmore who examined the available plants in connection with a study
of Navajo ethnobotany for the University of Southern California (Brand et
al. 1937:26-27; Elmore 1943).

In 1936, new directions in research were begun by the University of
New Mexico field schools. Small sites located near the Great Kiva, Casa
Rinconada, were excavated with the purpose of learning more about sites
other than large pueblos in the Canyon. Interdisciplinary approaches were
used. Guest lecturers spoke on a variety of topics, e.g., Antevs on North
American paleoclimatology, Brand on anthropo-geography (Brand et al. 1937:
12). :

While some reports were published by individual students, information
on additional topics was presented in Brand et al. (1937). The relevant
sections of this report are listed below (the author's name following):

Introduction (Brand)

The Natural Landscape (Brand): information on geology, climate, water
resources, flora, and fauna.
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Mammals and Bird Remains (Hibben)
Vegetal Remains (Hibben)
Subsistence (Brand)

Appendix I. Floor Deposition and Erosion in Chaco Canyon (Donovan
Senter): see also Senter (1937).

Discussion of the Anasazi within the natural setting and lists of various
species of plants and animals were presented in these sections.

Continued work on small sites in the Casa Rinconada area resulted in
the volume on Bec 50-51 by Kluckhohn and Reiter (1939). 1In a section on
subsistence remains, Kluckhohn admonished archeologists for their cavalier
methods of documenting bird and mammal remains and indicated the need to
include exact numbers in reports in order to better understand the physical
environment of the time.

Post-World War II

World War II interrupted the University of New Mexico field school
program in Chaco. While some work was carried out by the University in the
1940s, many of the earlier field school students and researchers never con-
tinued their studies or completed the reports on previous work. Gordon
Vivian, one of Hewett's students, followed an archeological career; he was
in charge of a ruins stabilization unit with a preservation mission, not
just in Chaco but in other parks and monuments throughout the Southwest.
He was also responsible for several archeological projects at Chaco Canyon
National Monument.

In 1950 Vivian and Thomas W. Mathews resumed work at Kin Kletso where
Edwin N. Ferdon had undertaken some preliminary investigations in 1934. As
part of the report on Kin Kletso, Vivian and Mathews (1965:1-32) updated
descriptions of the natural landscape and its relation to the inhabitants
of Chaco. Their summary of the work done before 1965 encompasses all
areas: arroyo cutting, prehistoric forests, factors pertaining to climate
and agriculture (tree-ring data, pollen analyses, flora and faunal collec-
tions, temperature records), the effects of periodicity and amount of rain-
fall on agricultural practices, crop yields, etc., as well as ethnographic
analogies to Navajo practices in Chaco Canyon. Lyndon L. Hargrave examined
bird bones from many sites in the canyon, even ones previously excavated
though not always reported.

Another topic of importance to Vivian was prehistoric water control;
he initiated some research and collected notes over time (Vivian n.d.) His
son, Gwinn, spent much time in Chaco and followed in his father's intellec-
tual footsteps. While researching irrigation in Chaco, Gwinn Vivian traced
the large canal system that captured runoff from the cliff tops during
storms and channelled water through miles of canals located along the base
of the cliffs to prehistoric fields (Vivian n.d., 1970, 1972, 1974). He
continues to study the Chaco subsistence problems and to incorporate new
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data into his interpretations of Chacoan behavior (Vivian 1981). While his
work is not included in this volume, the reader is encouraged to read his
publications when evaluating prehistoric adaptations to the natural
environment.

The Chaco Project

In the early 1960s, archeologists in general adopted an ecological/
environmental approach to explain prehistoric behavior. 1In the late 1960s,
John Corbett of the National Park Service, was instrumental in establishing
a cooperative program with the University of New Mexico to undertake major
reevaluation of the Chaco Anasazi. Numerous experts in various fields of
study were invited to lend their expertise. During the tenure of its first
director, Dr. Thomas R. Lyons, many departments at the University were en-
couraged to participate in the Chaco Project. His successors, Dr. Robert
H. Lister and Dr. W. James Judge, pursued these contacts. As a result,
geographers, geologists, botanists, biologists, and other specialists con-—
tributed to a number of studies that could not be included in this volume.
Many new questions were addressed, though other topics needed tc be re-
examined, e.g., changes in temperature and rainfall regimes, soil condit-
ions, amount of arable 1land available, irrigation techniqu.z, crops
actually grown versus those gathered, number and quality of faunal re-
sources utilized, nutritional requirements that could be met based on the
population estimates, etc. The work of these scholars generated a number
of reports. The results of these investigations, plus any other publi-
cations not included in the reference lists in the following chapters and
appendices A and B, are included in Appendix C.
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Chapter One

Holocene Climate and Environment of

Chaco Canyon

by
William B. Gillespie

Introduction

Chaco Canyon, in the semiarid San Juan Basin of northwestern New Mex-
ico, is well known for its concentration of Anasazi ruins and evidence of
relatively sophisticated socio-economic development. Numerous attempts
have been made (and continue to be made) to explain the prehistoric
cultural development there. Virtually all of these attempts have appealed
to various aspects of the past climate or physical environment in trying
to understand past human adaptation. Frequently, a perceived change in
one or another characteristic of the past environment has been accorded
primary causal significance in accounting for major cultural changes. It
is not surprising then, that throughout the history of research in the
canyon, there has been a profitable association of archeological and
paleoecological investigations. '

This paper is conceived as a summary and review of recent paleoenvi-
ronmental research in Chaco. While the orientation is toward reviewing
information of potential significance in modelling past human adaptations,
discussion of archeological evidence of past adaptions is minimal. The
focus is on characterizing the general climatic and environmental frame-
work, which confronted human populations at different times in the past,
and on suggesting revisions of previous interpretations where warranted.
This is not a comprehensive review of the paleoenvironmental data that
have been generated in recent years from Chaco or elsewhere on the
Colorado Plateau.

The time frame adopted spans the entire 10,000 year range of human
use of the Chaco area and not just the Anasazi period; however, more con-—
sideration is given to the preceding millenia. This is in part because
much of the paleoecological information that has recently become available
has been from pre-Anasazi times and, in part, because different aspects of
the Anasazi environment have been recently reviewed and documented in com—
prehensive detail (e.g., Love 1980; Rose et al. 1982).

This paper is divided into four sections. The initial discussion is
of the present climatic characteristics with emphasis on the atmospheric
circulation systems, which combines with geography and topography of the
area to produce those characteristics. Three sections follow summarizing

13
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recent data from the late Pleistocene-early Holocene, the middle Holocene,
~and the late Holocene.

Present Climatic Parameters

The climate of the San Juan Basin can be described as cool and semi-
arid with high diurnal and yearly temperature variation, low humidity,
occasionally strong winds, and generally low and variable precipitation.
Rainfall is seasonal in distribution with a marked summertime peak in late
July, August, and September, and a much lower peak in the winter and early
spring. Drought periods occur nearly every year in June and November.
Some particular precipitation and temperature values for Chaco will be
discussed below.

General Atmospheric Circulation

The values and seasonal distribution of precipitation in the San Juan
Basin are functions of its latitude, elevation, and geographical location
in relation to atmospheric circulation features and surrounding orographic
barriers. Precipitation in different seasons tends to be brought into the
area from various sources by different circulation features (see e.g.,
Hastings and Turner 1965; Rose et al. 1982; Sellers 1960; Sellers and Hill
1974).

Winter precipitation is derived from moisture originating in the
northern Pacific and brought to the area by the prevailing mid-latitude
westerlies that have shifted northward with seasonal cooling. Precipita-
tion occurs from cyclonic storms that break off from the Aleutian Low and
move across the western United States with the westerlies. Most of these
storm tracks enter the continent in the state of Washington and pass north
of the Four Corners. Periodically during the winter, the westerly flow
dips into the Southwest. It has been suggested that generally cooler tem-
peratures result in more frequent southward displacement of the moisture-
bearing westerlies, and consequently, greater cool season precipitation in
the Four Corners (Van Devender and Spaulding 1979).

Cool season moisture is also brought to the Southwest from the tropi-
cal Pacific when low pressure systems move eastward and occasionally enter
the Southwest. These storms can bring very high precipitation to the area
and account for the wettest winters on record in southern Arizona (Sellers
and Hill 1974); however, they are fairly rare in frequency and not often
effective in the San Juan Basin, in part because of the blocking effects
of the Mogollon Highlands. Sellers (1960) notes that high September pre-
cipitation in the Southwest is usually a result of these Pacific storms;
consequently, September precipitation is often poorly correlated with July
and August rainfall and better correlated with winter precipitation. This
seems to be because such September storms make their incursions into the
Southwest when the summer monsoonal circulation is weak and has retreated
early. This also appears to be the case in Chaco, where in recent decades
very high September rainfall values are frequently paired with very low
July-August rainfall totals, and vice versa.
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There is positive correlation in the Colorado Plateau between lati-
tude and winter precipitation as a result of more westerly storms to the
north, i.e., weather stations in eastern Utah and western Colorado consis-
tently have higher winter precipitation values than stations in north-
western New Mexico and northeastern Arizona at comparable elevations.
This trend is evident over surprisingly short distances; for example,
winter precipitation has averaged higher in the San Juan Valley than in
Chaco Canyon, despite the fact that Chaco is higher in elevation (by about
200 m). This occurrence runs counter to the regional trend of increasing
precipitation with increasing elevation, a situation which pertains in
every month of the year (Rose et al. 1982). Part of the reason for this
reversal may also be the rain shadow effect of the Chuska Mountains west
of Chaco.

'The important rainfall peak in July, August, and early September is a
result of the incursion of the summer monsoonal circulation pattern into
the area, i.e., when the Bermuda High shifts northward and westward as the
hemisphere warms up and the westerlies and sub-polar lows move northward
(see Hastings and Turnmer 1965). Air flows northwestward (clockwise) along
the west side of the Bermuda High and brings with it moisture from the
Gulf of Mexico and tropical Pacific adjacent to Central America (Hales
1974). This moist western edge of the anticyclone is converging, rising,
and unstable as it flows into the Southwest; it nearly always produces
rainfall while crossing the heated lands of the area and is orographically
lifted by the highlands.

The monsoon effect does not reach the Colorado Plateau until around
the middle of July, but for the next two months rainfall is characteristi-
cally abundant and relatively reliable. The extent of the moist monsoonal
circulation is presently delimited by a rough line from southeastern Utah
through northwestern Colorado to the Great Plains (Mitchell 1976). The
San Juan Basin receives less monsoonal moisture than areas to the south
and east, due in part to the greater distance from the sources of moisture
and resultant later date of establishment and earlier retreat of the mon-—
soon, as well as to the interception of moisture by intervening highlands
and the rainshadow effect (Tuan et al. 1973). Controlling for elevation,
stations in the Mogollon-Zuni-Jemez highlands or to the southeast of them,
characteristically receive 1-3 in (2.54-7.62 cm) more summer rain than do
locations in the Four Corners area. A period of above thermal tempera-
tures can be expected to increase summer rainfall by lengthening the time
that the monsoonal circulation 1is in effect and strengthening the
circulation pattern (Petersen 1981).

Combining the winter and summer precipitation, it can be seen that
there is a distinct gradient in the percentage of rainfall occurring in
the summer. This can be illustrated by considering a north-south transect
through western New Mexico and Colorado. Using 1931-1960 normals (NOAA
climatological data), the percentage of annual precipitation falling in
July and August in selected areas is 38-407 (Deming-Mogollon-Quemado),
32% (Zuni), 28% (Chaco), 26% (Bloomfield), and 20% (Mesa Verde north to
northwestern Colorado). Thus there is a sharp transition from nearly 407%
to about 20% over the rather short distance between about 34° and 37°
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latitude, or across the San Juan Basin. Rose et al. (1982) document an
east-west component to the transition through northwestern New Mexico
showing higher summer precipitation to the east.

This implies that the San Juan Basin occupies a sensitive transition-
al location between a relatively winter—-dominant pattern to the north and
a summer—-dominant pattern to the south. Shifts in global temperature
characteristics and circulation systems may be manifest more distinctly
here than in other areas of the western United States.

Several climatologists (e.g., Bryson and Baerreis 1968; Bryson and
Murray 1977; Lamb 1977; Winstanley 1973) have explored the possibilities
of relating local changes in meteorological parameters to global changes
in temperature and characteristics of circulation. Winstanley (1973), for
example, uses data from the 0ld World to argue that fluctuations in mon-
soonal rainfall correlate strongly with fluctuations in the strength of
mid-latitude zonal circulation (i.e., the prevailing westerlies and jet
stream). With strong zonal circulation, the prevailing westerlies tend to
be contracted poleward and show relatively little north-south (meridional)
flow. The general lack of troughs extending into lower latitudes in the
San Juan Basin implies that winter precipitation would be reduced. At the
same time, summer monsoonal circulation should be stronger, indicating an
increase in summer rainfall. Winstanley (1973) and Lamb (1977) suggest
that such conditions existed in the centuries before A.D. 1200, or about
the time of the Anasazi development in the San Juan Basin. As discussed
later in this paper, paleoecological data from the Colorado Plateau tend
to support this scenario (see Petersen 1981).

With weak zonal circulation, the circumpolar vortex tends to expand,
that is, the prevailing westerlies shift southward (Winstanley 1973).
There is more meridional flow; weather systems, often blocked by persis-
tent high pressure systems, move more slowly. Monsoonal rains do not
extend as far north and temperatures are generally cooler. These circum—
stances should result in drier summers in the southeastern Colorado
Plateau. Lamb (1977) and Bryson (e.g., Bryson and Murray 1977) present
models that differ in some details from Winstanley's scheme, but are
similar in basic concepts.

Present Trends in Temperature and Precipitation

Bryson and Baerreis (1968:7) present an illustration showing that in
recent decades some localities in northwestern New Mexico have experienced
a marked (over 257%) reduction in July rainfall in years when westerlies
have been slightly expanded. Bryson's argument is that responses such as
this to recent, recorded yearly fluctuation in circulation are reasonable
models for past responses to longer term changes; thus it can be suggested
that periods of warmer temperatures and strong, contracted westerly flow
should be characterized by relatively high summer moisture in the San Juan
Basin.

There are differences between recent meteorologic trends in the San
Juan Basin and what might be expected given historic trends in global
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temperature and circulation. While world-wide surface temperatures in-
creased through the first half of the twentieth century to about 1945 and
have since cooled (Lamb 1977; Miles 1978), temperatures in the San Juan
Basin and much of the western United States continued to rise after 1945
(Bradley 1980).

The records for the San Juan Basin indicate that summer temperatures
rose until the late 1960s but have since declined (NOAA climatological
data). Combined July and August rainfall has followed much the same trend
with a maximum in the late 1960s. Bradley (1980) presents similar results
for the Rocky Mountains where he found evidence of a trend toward warmer
and wetter summers over the past 70 years. Correlations between summer
temperatures and precipitation at individual stations in the San Juan
Basin are weak. It appears that there is a positive association between
summer rainfall and summer temperatures, but the recent increase in both
has occurred in the context of cooling global temperatures and generally
weak westerly circulation (Lamb 1977).

It is also worth noting that over the past 40 years there has been no
apparent negative correlation between amounts of summer and winter precip—
itation; they both peaked in the late 1960s. This suggests that the
notion of summer or winter dominance alone does not adequately account for
different precipitation patterns (Euler et al. 1979; Rose et al. 1982).

Summer Precipitation Characteristics

Annual precipitation has averaged about 8.5 in (220 mm) in Chaco
Canyon over the past few decades. However, year-to-year variation is
great. For example, from 1950 to 1980, annual totals have ranged from
only 3.35 in (85 mm) to 13.75 in (350 mm). As is often the case in
semiarid locations, the median is lower than the mean for all months, and
for the annual. In other words, more than half of all years will have
less than the mean amount of precipitation. . :

Throughout the San Juan Basin there is a positive correlation between
precipitation amounts and elevation. Annual values for stations in the
basin range from around 7 in (180 mm) at Shiprock at an elevation of under
5,000 ft (ca. 1,500 m) to 10.3 in (260 mm) at Crownpoint, just under 7,000
ft (ca. 2,130 m). In surrounding highlands precipitation may exceed 20 in
(500 mm). Annual precipitation shows a lapse rate of about 0.18 in/100 ft
(15 mm/100 m) for the lower parts of the San Juan Basin.

The summer maximum in precipitation is of critical importance to
malze farmers in this semiarid environmment. Even though overall amounts
are limited, at least the wettest time of the year occurs when it is most
needed; when moisture stress is greatest as crops are silking, tasseling,
and coming to fruition. A few notes on characteristics of summer precipi-
tation at Chaco Canyon are given here (figures based on the 25-year period
ending in 1975).

August 1is characteristically the wettest month at Chaco (x = 1.37



18 Environment and Subsistence

in/35 mm), with July, September, and October all slightly less (means
slightly over 1 in/25 mm). June, on the other hand, is the driest month
of the year (x = 0.38 in/10 mm, median = 0.24 in/6 mm), when an aver-
age of 3.0 rainy days (i.e., with any measurable precipitation) can be
expected and two-thirds of the years have no rain greater than 0.1 in.
Fewer than 20% of years have any precipitation events greater than 0.4 in
(10 mm).

In July, the mean number of rainy days more than doubles to 7.9
(range 4-13). Rains greater than 0.1 in occur in all years (x = 3.5
days, range 1-9) and larger events of over 10 mm (0.4 in) occur in 60% of
the years sampled. In August, the mean number of rainy days is 7.6, with
the events over 0.1 in occurring every year (x = 4.2, range 1-9).
Heavier rains (greater than 0.4 in), however, only occur in about half of
the years. September precipitation is more variable than in either July
or August with a few very wet years among much drier ones (perhaps a
result of non-monsoonal incursions of major storms from the tropical
Pacific). The median amount (0.85 in/22 mm) is only 75% of the mean value
(1.15 in/29 mm). One year no rain fell, although the average number of
rainy days is 5.2. Days with less than 0.1 in rainfall occur in 80% of
the years (x = 3.0 days). Precipitation events exceeding 0.4 in occur
in slightly fewer than half of the years.

Temperature and Frost-free Season

The continental, high basin location of Chaco Canyon makes for sub-
stantial diurnal and seasonal variation in temperatures. Diurnal tempera-
ture range is accentuated by the location of the weather instruments in
the valley bottom (at the present Visitor Center). Average annual temper-
atures (1941-1970 normals) is 49.8° F (9.9° C). Highest monthly tempera-
tures are in July (x = 73.2° F--22.9° C) and lowest in January (x
= 29.0° F--1.7° C).

A function of temperature of some interest to farmers (and apparently
to Southwestern archeologists) 'is the length of the frost-free season.
Recent records for Chaco Canyon are noteworthy in that they are
surprisingly short. Since 1960, frost-free periods have averaged only
slightly over 100 days, with over half the years in this period fewer than
100 days. By the widely accepted standards which suggest ca. 110-130 days
as a minimum requirement for maize (cf. Adams 1979 for recent summary),
Chaco should be considered a high risk area (by Adams' criteria, it is
hard to believe anyone would ever try to farm there).

The very low recent periods from Chaco contrast noticeable with most
published figures. For example, Hayes (1981) noted frost-free seasons at
Chaco as being about 150 days, and Cordell (1979) shows maps indicating a
growing season of over 160 days. One reason for this discrepancy is the
fact that both Hayes and Cordell made use of references that were based on
data no more recent than 1939. Only a few years of observation were
available for Chaco at that time (Gillespie and Powers 1983). Other
reasons for this apparent discrepancy include (1) the affect of a station
move within the canyon; (2) a regional climatic trend toward shorter
frost-free periods; and (3) a change from recognizing the length of grow-
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ing season to measuring the frost—free season. The Chaco Canyon weather
station was moved from Pueblo Bonito to the present Visitor Center at Una
Vida in 1960, about the time measured values show a noticeable drop.
Application of a test for homogeneity by plotting cumulative differences
in minimum July temperatures for Chaco and nearby Bloomfield shows that
the Chaco station move did indeed have a noticeable affect. Bloomfield
and some other stations in the San Juan Basin show a slight trend toward
shorter frost-free periods since about 1950, despite the increase in
summer temperatures through the 1960s.

In the 1940s the Weather Bureau completed a transition from recording
"growing seasons” as defined by "killing frosts” to only recording time
spans between 32° F (0° C) minima. The definition of killing frost was
not always consistent, but generally approximated 30° F (-1.1° C) tempera-
tures rather than 32° F (0° C). 1In order to assess the net effect of this
difference, a comparison of about 250 records (New Mexico 1921-1936) show—
ing both daily minima and killing frost-free days was made. The compari-
son indicates that 85% of 31° F (-0.5° C) temperatures were ignored in
defining killing frosts, 53% of 30° (-~1.1° C) minima, and only 6% of 29°
(-1.6° C) minima. The use of broader standards resulted in an average
difference of 13 days between growing season records and frost—free
season.

There 1is definite merit in favoring killing frost observations
rather than freezing temperatures. Maize is usually not damaged until
temperatures dip below 30° F (-1.1° C), although growth stage and moisture
content cause variations (Chang 1968). This factor is in part countered
by the positon of recording instruments more than 1 m above the ground
where night temperatures are often several degrees warmer than at ground
level.

Even considering these mitigating factors, it seems likely that Chaco
presently has a potential for freeze damage, and may well have in the
past. It is unclear how critical frost-free period length is in assessing
prehistoric agricultural potential. The possibilities that fast-maturing
strains of corn were used and that recent frost-free periods are not in-
dicative of effective growing season suggest that periods less than 110-
130 days are not necessarily prohibitive. These low figures would perhaps
be better considered as a potential limitation rather than a barrier to
maize agriculture. Nonetheless, areas such as Chaco were probably subject
to occasional reduced yields, especially during periods of reduced
temperatures.

Late Pleistocene and Early Holocene

The transition from the most recent glacial period (Late Pleistocene)
to the present interglacial (Holocene) is usually placed around 11,000 or
12,000 B.P; however, it should be realized that dates such as these are
little more than a convenient reference point during a longer period of
global warming that marked the end of the Pleistocene. Major environmen—
tal changes associated with this period of warming were occurring for sev-
eral thousand years both before and after 12,000 B.P. For example,
Carrara et al. (1984) present good evidence indicating that much of the
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extensive San Juan Mountains, north of the San Juan Basin, was deglaciated
by 15,000 B.P., well before the nominal end of the Wisconsin glacial.
Vegetational changes accompanied this period of warming and deglaciation
with several regional studies showing that perhaps the most dynamic
changes occurred at around 9,000-8,000 B.P., by which time temperatures
evidently met or exceeded present levels and vegetation distributions more
closely approximated modern patterns (e.g., Betancourt 1984a; Carrara et
al. 1984; Van Devender and Spaulding 1979; Wells 1983a). Evidence of en-
vironmental conditions during this late glacial and early post-glacial
period (from 16,000-8,000 B.P.) is reviewed here, with particular refer-
ence to environmental data from the Chaco Canyon area.

The primary cause and mechanisms of this global event of warming and
deglaciation are not fully understood, but there is growing acceptance of
a linkage to anomalies in received solar radiation resulting from varia-
tions in the earth's orbit (e.g., Hays et al. 1976; Imbrie and Imbrie
1980; Kutzbach 1981). Orbital variations include long-term cycles in the
obliquity of the earth's axis, the precession of the equinox, and
eccentricity of the orbit. There 1is evidence that near the end of
Pleistocene these factors combined to produce a maximum in summer
radiation and a minimum of winter radiation in the mid-latitudes of the
Northern Hemisphere at around 9,000-10,000 B.P. (Kutzbach 1981). Even
though average annual global amounts of incoming solar radiation may have
remained nearly constant, the change in 1latitudinal and seasonal
distribution in insolation may have sparked major climatic changes
(Kutzbach 1983). Ruddiman and McIntyre (1981) suggest than an increase in
summer insolation in the Northern Hemisphere would have begun diminishing
the continental ice volume and started the process of deglaciation. With
the maximum in summer insolation at 9,000-10,000 years ago, Kutzbach
(1981, 1983) argues that mid-latitude monsoonal <circulation and
precipitation would have increased at this time as well (also Markgraf and
Scott 1981; Spaulding et al. 1983).

Prior to the past few years, suggestions of vegetation cover in the
San Juan Basin during the late Pleistocene and early Holocene were based
on extrapolation from records in surrounding areas. Suggestions of com-
munities of desert scrub (Leopold 1951), pinyon-juniper (Wright et al.
1973), ponderosa (Martin and Mehringer 1965), and spruce-fir forest
(Harris 1965) can all be found in the literature. Only in the past few
years has direct evidence from the basin interior placed interpretations
on firmer ground. Still, although the data have improved, varying
interpretations persist and questions have yet to be resolved.

Macrobotanical Remains

Indisputable evidence of the past presence of montane conifers in
Chaco Canyon was provided by the macrofossils in early Holocene packrat
middens in Atlatl Cave, ca. 11,000-9,500 B.P. (Betancourt and Van Devender
1980, 1981; Betancourt et al. 1983). Included are needles of limber pine
(Pinus flexilis), Douglas fir (Pseudotsuga menziesii), Rocky Mountain
juniper (Juniperus scopulorum), and a single needle of spruce (Picea sp.).
Betancourt and Van Devender (1981) interpret these as relicts from more
widespread Pleistocene mixed conifer woodlands and note the absence of the
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more xeric pinyon (P. edulis) and ponderosa (P. ponderosa). Subsequent-
ly, Donaldson (1984) has found additional montane conifer macrofossils in
loose sediments from Sheep Camp Shelter, where some undated late Pleisto-
cene assemblages were dominated by limber pine and spruce. Douglas fir,
Rocky Mountain juniper, and ponderosa are present in smaller numbers and
are, in some instances, possibly later contaminants of the spruce-limber
pine assemblage (mixing in the loose sediments was widespread).

None of the montane conifers identified at Atlatl Cave and Sheep Camp
Shelter now grows in Chaco Canyon; all are found in more mesic woodland
habitats at higher elevations in the area. Douglas fir and Rocky Mountain
juniper are scattered through montane plant association in highlands sur-
rounding the San Juan Basin, while spruce (P. pungens, the species prob-
ably represented at Chaco, and P. engelmanii) is largely restricted to
more mesic mixed conifer communities in these highlands. Limber pine is
now limited in distribution to the large mountain masses to the north and
east, the San Juan and Jemez mountains, where it occurs mainly in mixed
conifer communities (Osborn 1966; Peterson 1981). It is absent from the
smaller Chuska and Mt. Taylor ranges, although on the basis of pollen
evidence Wright et al. (1973) inferred its presence in the Chuskas in the
late Pleistocene.

Palynological Evidence

In summarizing pollen studies from the Southwest, Martin and
Mehringer (1965) produced a paleovegetation map for the late Pleistocene
suggesting that the San Juan Basin was covered by ponderosa pine woodland,
a suggestion based on evidence from several studies of elevational lower-
ing of tree line and vegetation communities in highland areas. In study-
ing pollen sequences from the Chuska Mountains, Wright et al. (1973) modi-
fied this interpretation somewhat by suggesting a telescoping of vegeta—
tion zones so that lower communities were elevationally displaced less
than tree line and subalpine zones. By this method, Wright et al. (1973)
project pinyon-juniper woodland cover for much of the basin in the Four
Corners area, in part to account for the abundance of pinyon pollen in the
Chuska Mountain sequences. Hall (1977), whose alluvial pollen sequences
from Chaco Canyon postdate the early Holocene, could make no judgment on
the relative merits of the reconstruction of Martin and Mehringer and
Wright et al.

Betancourt and Van Devender's (1981) discovery of more montane coni-
fers in the early Holocene packrat middens at Atlatl Cave was thus some-
thing of a surprise in its contradiction of vegetation reconstructions
based on pollen studies. Neither ponderosa nor pinyon appears to have
been present in the early Holocene assemblages. Hall (1981) studied
pollen from these packrat middens and found them dominated by juniper and
secondarily by Pinus and the shrubs Artemisia and Chenopodium. Hall sug-
gests that the montane conifers may have been only rare relicts, with the
dominant vegetation cover being shrub grassland, probably with more
sagebrush (Artemisia sp.) than now.
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Fredlund (1984) has recently analyzed pollen samples from sediments
in Sheep Camp Shelter containing undated late Pleistocene faunal remains.
These samples are dominated by Pinus and Picea, which together in some
cases comprised over 90% of the pollen total. 1In contrast to Hall's early
Holocene packrat midden pollen samples, juniper and non-arboreal pollen
are rare. Fredlund interprets the predominance or spruce and pine pollen
as indicating total forestation of the San Juan Basin and, moreover, sug-
gests that not only spruce and limber pine were common in the basin, so
also were ponderosa, pinyon, lodgepole pine, and Douglas fir, (based
largely on presence of pollen morphotypes of the different Pinus species).
In sediment samples interpreted by Fredlund as early Holocene, there is no
indication of the increase in steppe flora suggested by Hall.

Faunal Remains

A rather large assemblage of vertebrates evidently from the 1late
Pleistocene was recovered from the unconsolidated deposits in Sheep Camp
Shelter (Gillespie 1984a, 1984b). Including more recent materials, about
60 taxa are present, the majority of which are small mammals. The pres-
ence of extinct horse (Equus sp.) and peccary (cf. Platygonus compressus)
indicates a late Pleistocene deposition, although it is unclear whether
materials are of the late glacial or full glacial.

The faunal assemblage includes several taxa no longer found in the
interior San Juan Basin. Nearly all non-local taxa occur in more mesic
situations, either cooler, wetter, or both. Most prevalent are species
now found in the Great Basin, especially in the extensive sagebrush commu-
nities there: sagebrush vole (Lagurus curtatus), pygmy rabbit (Brachy-
lagus idahoensis), and sagebrush grouse (Centrocercus urophasianus).
Other species whose present ranges do not include northwestern New Mexico
include the yellow-bellied marmot (Marmota flaviventris), white-tailed
jackrabbit (Lepus townsendii), Richardson's ground squirrel (Spermophilus
cf. richardsoni), and Heather vole (Phenacomys intermedius). The latter
species in particular is now largely restricted to boreal forest habitats,
lending support to the evidence of more extensive forestation in the past.
Another group of non-local taxa at Sheep Camp Shelter includes species
which now occur in the open habitats of the Great Basin and also in high-
er, more montane areas in the mountains surrounding the San Juan Basin:
Merriam's shrew (Sorex merriami), least chipmunk (Eutamia cf. minimus),
golden-mantled ground squirrel (Spermophilus lateralis), northern pocket
gopher (Thomomys talpoides), and long-tailed vole (Microtus longicaudus).

While the presence of some species such as the heather vole suggest
mixed conifer habitat, perhaps more significant are the abundant remains
of taxa characteristic of cold desert scrub environments, e.g., sagebrush
vole, sage grouse, and pygmy rabbit.

Only a few diagnostic vertebrates are present in the early Holocene
packrat middens from Atlatl Cave (Gillespie 1982). 1Included are specimens
of Sagebrush vole and Nuttall's cottontail (Sylvilagus nuttallii), a spe-
cies now found in the Southwestern mountains and in open habitats in the
Great Basin. The majority of faunal remains from Atlatl Cave are from the
subsequent middle and late Holocene periods.




Holocene 23

Discussion: Late Pleistocene and Early Holocene Vegetation

From this summary of recent studies of macrobotanical, microbotani-
cal, and vertebrate materials from Chaco, it is evident that the new data
require revision of accepted vegetation reconstructions. The suggesfions
of Martin and Mehringer (1965) and Wright et al. (1973) based on downward
displacement of modern plant communities now seem inadequate. Perhaps
most striking is the occurrence of spruce and limber pine rather than the
ponderosa and pinyon cover suggested by these previous studies. Problems
still in need of resolution include the extent of any mixed conifer wood-
land indicated by the macrofossil evidence, and of open steppe habitats,
and the composition of woodlands in the area. These topics are considered
here in addition to a brief discussion of the Chaco data in relation to
other paleoenvironmental records in the region.

Other recent analyses of packrat midden macrofossils document similar
occurrences of mixed conifers at elevations below their present distribu-
tions. For example, it now seems apparent that there was a successful
late Pleistocene adaptation by limber pine throughout the West in lati-
tudes north of Chaco Canyon (36°). Evidence of widespread uvccurrence of
limber pine at elevations around 2,000 m or less has been reportcd for the
southern and eastern Great Basin (Spaulding et al. 1983; Thompson and Mead
1982; Wells 1983a) for elsewhere on the Colorado Plateau (Betancouri 1984;
Betancourt and Davis 1984; Spaulding and Petersen 1980), and from the east
side of the Front Range of the Rockies (Wells 1983b). Presently in these
areas limber pine is found mainly on rocky outcrops in upper mixed conifer
or subalpine associations, if it is present at all.

There is disagreement about the extent of the cover by limber pine
and other montane conifers in areas outside of the San Juan Basin. Some
authors (e.g., Wells 1983b) have suggested that a predominance of limber
pine in late Pleistocene deposits is indicative of a subalpine sitation
not far below timberline. While limber pine is found in subalpine set-
tings in the southern Rockies now, further north it occurs in a variety of
elevations and settings, in most cases occupying relatively xeric, exposed
rocky outcrops; it also occupies situations where pinyon is common, such
as in southern Montana (Pfister et al. 1977). Accordingly, it seems more
probable that the past presence of limber pine with spruce, Douglas fir,
and Rocky Mountain juniper 1is more. indicative of a mixed conifer or
montane community, than of a subalpine one.

In the Great Basin, Wells (1983a), relying almost exclusively on
packrat midden  macrofossil data, argues for extensive woodlands in lowland
areas and in an essential absence of desert scrub communities. In con-
trast, Thompson and Mead (1982), synthesizing macrofossil, pollen, and
faunal data present a case for the co-occurrence of montane or subalpine
conifers on rocky outcrops with sagebrush-dominated desert scrub associa-
tions on deeper alluvial substrates. Spaulding et al. (1983) and Mead et
al. (1982) also interpret their data as indicating a co-occurrence of mon-
tane conifers and desert .scrub communities in the southern Great Basin, as

do Betancourt and Davis (1984) for the Canyon de Chelly area.
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The situation described above seems most probable for the Chaco area,
not only for the early Holocene as suggested by Hall (1982) but also for
the late Pleistocene. The reconstruction favored here entails mixed
conifer woodlands occurring on rocky outcrops and thin rocky soils such as
characterize much of Chaco Canyon, and largely unforested desert scrub and
shrub grassland communities in deeper sediments on the aolian-mantled mesa
tops and valley floors. Woodland cover was no doubt greater than now, but
not as pervasive as most earlier suggestions indicated. It is possible
that open desert scrub associations were as common or more common in the
San Juan Basin and Great Basin than in today's warm desert areas (Mohave,
Sonoran, Chihuahuan deserts) where pinyon and juniper woodlands were
apparently widespread during the late Pleistocene (Spaulding et al. 1983;
Van Devender 1977; Van Devender and Spaulding 1979).

Such a reconstructed vegetation pattern for Chaco is without a local
modern analogy. The best present analogy is probably the northern Great
Basin or northern Rockies (northern Nevada to southern Montana) where
mixed conifer forests, including locally abundant limber pine, occur just
above desert scrub and grassland associations. The pinyon—-juniper and
ponderosa zones so characteristic of the present Southwest seem to have
been missing, leaving a juxtaposition of more montane mixed conifer and
open steppe habitats.

A logical question, then, is where were the pinyon and ponderosa com—
munities in the late Pleistocene? Evidence from packrat middens through-
out the West suggests, that both ponderosa and Colorado pinyon Qg. edulis)
were rare, if present at all, in latitudes north of Chaco, and were not
very common in southern areas (Spaulding et al. 1983). Pollen analysts
such as Wright et al. (1973), Petersen (1981), and Fredlund (1984) have
interpreted a local presence for pinyon woodlands on the basis of rela-
tively abundant P. edulis-type pollen. Betancourt and Davis (1984) sug-
gest that this occurrence is a result of long distance transport of pinyon
pollen to the Four Corners region from areas to the south, and that pinyon
was not locally represented. The same may pertain to ponderosa, which is
also common in pollen records where analysts have attempted specific iden-
tifications of Pinus pollen. On the other hand, it is possible that scat-
tered ponderosa were present in favorable 1locations, though not as
widespread as at present.

Climatic Implications

Climatic conditions in the western United States in the late
Pleistocene and early Holocene are not well established and still open to
debate. Recent reviews by Spaulding et al. (1983), Van Devender and
Spaulding (1979), Wells (1979), Galloway (1983), Brakenridge (1978), and
Barry (1983) reveal acute disagreements focusing primarily on the season-
ality of precipitation and temperature, and the relative contribution of
each in allowing the major shifts in floral and faunal distributions.

There is no question that conditions before 8,000 B.P. were more
mesic in the sense of greater net soil moisture. What is unclear is how
much of this net effect is a result of lowered temperatures and how much
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from greater precipitation. Most reconstructions have proposed a combina-
tion of the two with reduction of a few degrees Celsius in annual tempera-
ture and an increase of 50% or more in precipitation (see summary in
Spaulding et al. 1983). Brakenridge (1978) and, in particular, Galloway
(1970, 1983) present arguments for greater reduction of temperature (as
much as 10° C lower according to Galloway) with little or no increase in
précipitation.

In assessing these different proposals it is important to consider
variation in temporal, spatial, and seasonal dimensions. Galloway's
(1983) suggestion of cold, arid conditions is made specifically for the
full glacial of around 18,000 B.P., while most of the paleoenvironmental
data available from the western United States are from the late glacial,
after warming and deglaciation had begun. It is probable that there was a
real increase in precipitation in the late glacial as the melting glaciers
and rising sea levels put more moisture into the atmospheric circulation
system.

Spaulding et al. (1983) summarize data suggesting that in the West
there was a general trend in the late Pleistocene toward greater aridity
with increasing latitude. They suggest that precipitation in the North-
west and northern Great Basin was only slightly, or not at all, greater
than at present. In contrast, past biotic communities in the present warm
desert areas are thought to be indicative of overall greater precipita-
tion. The Colorado Plateau, in an intermediate position between the Great
Basin and the Southwestern deserts, appears to have been less arid than
the Great Basin. Betancourt (1984a) has suggested a temperature reduction
of 3-4° C for the latest Pleistocene and 35-60% increase in annual
precipitation.

Finally, changes in the seasonal distribution of both precipitaion
and temperature have been suggested as being of crucial importance in un-
derstanding past environmental conditions and biogeography. Although
Galloway (1983) has asserted that there was no change in the seasonal dis-
tribution of precipitation, several authors have presented convincing ar-
guments for changes in the seasonal distribution of moisture at least at
some latitudes (e.g., Betancourt 1984a; Kutzbach 1981; Spaulding et al.
1983; Van Devender and Spaulding 1984).

There 1is good reason to believe that with colder temperatures and
southward depression of westerly storm tracks, there would be a lessening
effect of the monsoonal circulation that now brings most of the summer
moisture to the Southwest. At the same time this pattern resulted in
greater winter precipitation in the Southwest and Great Basin. Even if
annual  precipitation was not much greater than now at some location and at
some times, there is reason to believe that the seasonal distribution was
affected in most areas and that summer precipitation was less than at pre-
sent. This effect may have been greatest in areas such as the San Juan
Basin that are near the present. northern limit of the monsoon effect
(Mitchell 1976). There is evidence that summer rainfall remained most
effective in the late Pleistocene only in the southeastern portions of the
Southwest (Wells 1979).
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In regard to seasonal differences in temperature ranges, several
authors, particularly vertebrate paleontologists, have argued that late
Pleistocene climates throughout the United States were more "equable,”
that is, with less seasonal difference than now (e.g., Graham 1976;
Lundelis et al. 1983; Martin and Neuner 1978). This inference of cool
summers and mild winters is based primarily on the co-occurrence of north-
ern boreal animals with cold-sensitive southern life forms. Similar
apparently anomalous plant (as well as animal) associations are common in
the Southwest and a pattern of mild wet winters and cool dry summers has
been inferred (Spaulding et al. 1983; Van Devender and Spaulding 1979).

Archeological Implications

The paleoenvironmental data considered here pertain to conditions
that would have confronted Paleoindian hunters and gatherers. Perhaps the
most striking attribute of Paleoindian archeology in the San Juan Basin
(and elsewhere in the Four Corners region) is its sparsity. Especially
in comparison with later occupations, Paleoindian remains can be charac-
terized as rare. Judge (1982) notes only 14 recorded Paleoindian sites in
the San Juan Basin, despite the impressive amount of archeological survey
conducted there.

Suggested reasons for this apparent paucity of sites include post-
depositional factors that have reduced site visibility and the 1lack of
familiarity and recognition by archeological surveyors in the San Juan
Basin (Judge 1982; Stuart and Gauthier 1981). While these may be contri-
buting factors, they do not seem adequate to account for the difference
between the San Juan and the Middle Rio Grande Valley for example, where
Judge has documented relatively abundant evidence of Paleoindian settle-
ment systems (1973; Judge and Dawson 1972). Although comparison with
other areas is difficult, it seems most probable that there was a real
difference in the intensity of Paleoindian occupation in different
portions of New Mexico.

The recent paleoecological information discussed here suggests a
basis for such a difference. Specifically, the suggested environment of
mixed conifer woodland and open steppe habitat dominated by sagebrush was
probably relatively unproductive compared to areas further south and east.
Available evidence indicates that greater precipitation and milder temper-
atures supported greater biotic diversity in southern Arizona and southern
and eastern New Mexico than in the Great Basin and the Four Corners area.
The more abundant evidence of Paleoindian occupation from southeastern
Arizona to the southern Great Plains could be a direct function of greater
abundance, diversity, and density of faunal (both megafauna and smaller
game animals) and floral resources in these areas. The more arid Four
Corners area may have supported smaller and more variable populations of
important large game animals and a paucity of usable floral resources.

Summary

Synthesizing'recently studied macrobotanical, pollen, and vertebrate
materials from Chaco Canyon and other research in the western United
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States gives a firmer basis for inferring paleoenvironmental conditions
than was previously possible. Thin rocky sediments at Chaco apparently
supported mixed conifer woodlands which persisted into the early Holocene.
Surrounding mesa tops may have supported open desert scrub communities
similar to the present northern Great Basin. Pinyon and ponderosa may
have been absent until warmer temperatures and increased summer rainfall
allowed expansion of their ranges. 1Increased effective moisture in the
late Pleistocene—early Holocene was probably a result of both lowered tem—
peratures, especially in summer, and increased winter precipitation. Sum—
mer rainfall was proportionally (and most likely absolutely) less than at
present. While more mesic than now, the San Juan Basin was probably
colder and more arid than areas further south and east where evidence of
successful Paleoindian adaptations is more abundant.

Middle Holocene Climate and Environment

Abundant evidence from throughout the Northern Hemisphere shows that
temperatures were generally higher between 8,000-4,000 B.P. than either
before or since. Kutzbach (1981, 1983) has outlined a probable physical
cause for this thermal maximum by showing that variations in the earth's
orbit resulted in a peak in summer solar radiation in the mid-latitudes of
the Northern Hemisphere near the beginning of this period. Kutzbach
(1983) placed the "maximum interglacial™ at about 6,000 B.P. In this sec-
tion, the time period under consideration is extended to around 2,000 B.P.
to better coincide with the Archaic and because various paleoecological
records suggest an important change at that time.

Numerous terms have been applied to this warm interval, including the
"Hypsithermal,” "Xerothermic,"” "Atlantic,” "Climatic Optimum,” and, most
widely recognized by archeologists, the "Altithermal.” For the last few
decades there has been considerable discussion and debate regarding the
fundamental character of this warm period in the western United States.
Antevs (1955) described the Altithermal as a hot, dry period that must
have ‘had an overall negative effect on Archaic hunter-gatherer popula-
tions. In contrast, Martin (1963) presented evidence from southern
Arizona indicating that this time interval was characterized by relatively
mesic conditions, apparently as a result of enhanced summer rainfall,
More recently, additional data from southern Arizona, New Mexico, and west
Texas have been found to support Martin's inference of moist Altithermal
summers (e.g., Van Devender and Wiseman 1977; Van Devender and Spaulding
1979). However, other researchers have found support for a hot, dry
Altithermal in the desert Southwest (Solomon and Blasing 1982).

Recent pertinent paleoenvironmental data from Chaco Canyon and the
Four Corners area are summarized here and discussed in terms of these
different proposals.

Macrobotanical Evidence
Betancourt and Van Devender (1980, 1981; Betancourt 1984b; Betancourt

et al., 1983) have located, analyzed, and dated a small number of packrat
middens from the middle Holocene, including samples from Atlatl Cave and
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Sheep Camp Shelter. These collections evidently document the arrival of
pinyon (P. edulis) and juniper (J. monosperma) woodlands in the canyon
(and a replacement of the earlier, more mesic mixed conifers) at near the
beginning of the middle Holocene (earliest sample containing pinyon-
juniper dates at 8,290 + 150 B.P.). Ponderosa and Douglas fir are present
in the earliest pinyon-juniper sample and later at Atlatl Cave around
5,600 B.P. At Sheep Camp Shelter, three samples from around 6,600 B.P.,
and later at about 3,000 and 2,800 B.P., all contained sparse ponderosa in
addition to abundant pinyon and juniper (Betancourt 1984b). Other late
Holocene samples lack ponderosa, but are characterized by abundant pinyon
and juniper. This general association of ponderosa (and, at Atlatl Cave,
Douglas fir) with middle Holocene dates is suggestive of more mesic Alti-
thermal conditions, at least before 5,000 B.P.; however, Betancourt
(1984b) notes that these occurrences of relatively few specimens from
mainly sheltered locations do not allow unambiguous inferences of general
moisture conditions in the Altithermal.

Based on macrofossil data from Chaco and elsewhere in the Colorado
Plateau, Betancourt (e.g., 1984a) has made a convincing case for a middle
Holocene northward expansion of pinyon, ponderosa, and one-seed juniper.
Such an expansion is presumed to result from the extended and heightened
effect of the summer monsoonal circulation system that occurred with
higher temperatures. These records suggest that conditions in the Four
Corners region were more mesic the first half of the middle Holocene and
drier in later times.

Palynological Evidence

Hall's (1977) study of alluvial pollen sequences in Chaco Canyon
found the highest percentages of pine pollen in sediments dated to the
first part of the middle Holocene. A period of reduced pine pollen occurs
from around 5,500-2,999 B.P., thought to indicate less regional woodland
coverage than at present. Love (1980) has pointed out that much of this
decline may be a result of a shift in sedimentary facies from alluvial
sediments to locally-derived colluvial deposits at Hall's sample locali-
ties for most of this period. Taking this consideration into account,
Hall (1982) still believes there to be a distinect low in arboreal pollen
during this time span.

Hall (1981) has also analyzed pollen samples from some of the packrat
middens studied by Betancourt and Van Devender (1981). From about 5,000~
2,000 B.P. middens show low percentages of pine pollen. Hall, interpreting
these results as substantiating the alluvial pollen evidence of reduced
regional woodland cover at this time, argues that Betancourt and Van
Devender (1981) over-estimated the extent of local pinyon-juniper cover.
Pollen frequencies of some taxa, notably juniper, fluctuate greatly, and
some questions remain regarding the reliability of interpreting pollen
frequencies from midden samples as indicative of regional vegetation. It
remains to be shown that pollen assemblages accumulated in the richly
organic midden deposits are not influenced by the collected materials to
the extent that trends in regional pollen rain are obscured.
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Fredlund (1984) has analyzed a column sample from sediments in Ashis-
lepah Shelter near the lower end of Chaco Canyon. Although dating control
is limited to dates (ca. 1,400 B.P. and 2,200 B.P.) on archeological
materials from the upper part of the sequence, there is a definite simi-
larity to Hall's alluvial and packrat midden pollen sequences (1981). 1In
each case, pine pollen frequencies are low prior to about 2,000 B.P. At
Ashislepah Shelter, this period of minimum pine pollen frequencies is pre-
ceded by very high pine frequencies, measuring over 60% in the lower
levels. Based on the similarity with Hall's series, this minimum may be
the equivalent of the middle Holocene pine pollen peak noted by Hall. As
with Hall's alluvial and midden results, Pinus pollen identified as pon-
derosa is at a maximum (relative to pinyon) in the early high pine pollen
zone.

In common with Hall's alluvial sequence, the pre-2,000 B.P. low pine
period at Ashislepah Shelter is closely correlated with a facies change in
the sediments (Fredlund 1984). The low pine frequencies are found in
laminated sandy sediments deposited by the small water flowing in front of
the shelter (comparable to Hall's "colluvial unit”), while overlaying and
underlying deposits are aeolian and decomposed roof fall accumulations.
Fredlund believes this facies difference has a coincidental relationship
to the lowered pine pollen frequencies, rather than a causal one (cf. Hall
1981).

Fredlund's decision to term this zone a "mid-Holocene arid period”
may cause some confusion in that the available dates indicate that most of
it is probably from the late Holocene as used here (after ca. 4,000 B.P.)
and by most researchers. Fredlund does note, however, that this period is
later in time than Antev's Altithermal and avoids equating it with that
concept.

Pollen analyses from high mountain sites in Southwestern Colorado
indicate generally elevated temperatures, as inferred from evidence of
higher treelines, from about 8,000 or 10,000 B.P. to 3,000 or 4,000 B.P.
(Andrews et al. 1975; Carrara et al. 1984; Markgraf and Scott 1981;
Petersen 1981; Petersen and Mehringer 1976). Baker (1983), in summarizing
these and other studies from the mountains of Colorado and Utah, inter-
prets a warm interval from 7,000 to 4,000 B.P. ©Petersen (1981) and
Markgraf and Scott (1981) both present arguments in support of increased
summer rainfall during this time to account for expanded pinyon and pon-
derosa woodlands inferred from high pine pollen frequencies. Both see
maximum expansion of pinyon in the Southwest Colorado mountains as occur-
ring near the end of the middle Holocene (ca. 4,000 B.P.). After 4,000
B.P. (or ca. 3,000 B.P. according to Carrara et al. [1984] and Petersen
[1981]) cooling led to a lowering of treeline, initiation of Neoglacial
conditions, and a reduction of the summer monsoon effect.

Both Petersen (1981) and Pippin (1979) challenge aspects of Hall's
interpretation of the Chaco data and present alternatives. For example,
Pippin (1979) suggests that the extended period of low pine pollen
frequencies reflects greater pollen production by local non-arboral plants
and is indicative of more mesic conditions rather than greater aridity.
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Petersen reinterprets Hall's data to find support for his interpretation
of increased pinyon woodland at around 4,000-3,000 B.P.

Faunal Remains

One of the few middle Holocene vertebrate faunal assemblages known
from the Southwest is from the loose sediments in Atlatl Cave (Gillespie
1981, 1982, 1984b). On the basis of a single associated radiocarbon date,
the bulk of the assemblage is thought to date from around 5,000 B.P. The
assemblage is quite similar to modern fauna, but several non-local, small
vertebrates are present as well. Except for a single sagebrush vole den-
tary which is thought to be derived from earlier (early Holocene) midden
deposits' in the shelter, the extra-limital taxa are species found geo-
graphically to the south and east where grasslands are now better devel-
oped than in the San Juan Basin. Species include the Hispid cottonrat
(Sigmodon hispidis), Prairie vole (Microtus ochrogaster), hognose snake
(Heterodon nasicus), and Couch's spadefoot toad (Scaphiopus couchi).

The Prairie vole now occurs only in the prairie grassland of the
northern and central Great Plains, barely extending into New Mexico. The
other species are now found in desert grasslands of eastern and southern
New Mexico but not on the Colorado Plateau. Both cottonrat and Couch's
spadefoot toad appear restricted to geographical areas with warmer temper-
atures than now. As discussed by Gillespie (1981), there is evidence that
present—-day Chaco Canyon is too cold in the winter for the cottonrat and
too cool in the summer for Couch's spadefoot toad.

All of these species are characteristic grassland dwellers and their
past presence at Chaco suggests better developed grasslands. It is argued
that such grassland developed in response to increased summer rainfall
during the middle Holocene. In southern New Mexico, Van Devender and
Wiseman 1977) summarize faunal and floral evidence and suggest that the
better developed grassland existed before ca. 4,000 B.P. as a result of
higher effective moisture from increased summer rainfall.

Geological Evidence

Numerous geologists have studied middle Holocene aeolian and alluvial
deposits from throughout the West and presented a number of interpreta-
tions. Most studies have inferred more arid conditions at some time
during the middle Holocene. Wells et al. (1983) have dated a period of
increased aeolian activity in the San Juan Basin to ca. 6,000-2,800 B.P.,
interpreting this as a relatively arid period.

In earlier regional synthesis of geologic sequences, Haynes (1968)
suggested that the middle Holocene could be split into two phases: an
initial arid period from about 7,500 to 6,000 B.P., and a subsequent wet-
ter time to around 5,500 B.P. The proposed early arid period is based on
evidence of widespread stream erosion prior to 7,000 B.P. Knox (1983) has
recently argued that this period of erosion might better be interpreted as
a response to replacement of woodland areas by grasslands and, perhaps
more important, as a result of increased summer rainfall at the beginning
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of the middle Holcene, which would have increased stream. competence and
erosive capability. Subsequent alluviation could thus be a result of
increased aridity.

Discussion: Middle Holocene Vegetation and Climate

Betancourt and Van Devender's (1981) packrat midden macrofossil data
demonstrate that pinyon-juniper tree cover, supplemented by occasional
ponderosa and Douglas fir, persisted on the rocky outcrops of Chaco Canyon
throughout the Altithermal and into the late Holocene. Pinyon 1is well
represented even in the lower part of the canyon where it is now absent.
Hall (1982) believes Betancourt and Van Devender have over-estimated the
importance of any pinyon-juniper woodland development and suggests instead
that only scattered trees were present; however, Betancourt and Van
Devender's characterization of the woodland cover as somewhat greater than
at present and largely limited to this rocky sediment seems more probable
in the light of the available data.

There is no doubt that large areas of open steppe existed on deep
soils. On the basis of vertebrate remains, Gillespie (1981) has suggested
that open vegetation was more of a desert grassland than the present
desert scrub. Thus, in broad terms, the transition from the early to the
middle Holocene is thought to have entailed a shift from more montane
mixed conifers to pinyon and juniper on these soils and from cold desert
scrub to desert grassland in open habitats. This transition fits well
with other recent paleoecological data from the Southwest (Spaulding et
al. 1983; Van Devender and Spaulding 1979).

The climatological basis for these vegetation changes appears to lie
in a major shift in the seasonality of precipitation with a major increase
in summer precipitation resulting from strongly developed monsoonal circu-
lation during the thermal maximum. As discussed by Betancourt (1984a) and
Betancourt and Van Devender (1981), pinyon and ponderosa were dependent on
adequate summer moisture for successful germination. They replaced spe-
cies better adapted to winter—-dominant precipitation characteristic of the
late Pleistocene—early Holocene. Several authors (e.g., Betancourt 1984a;
Spaulding et al. 1983) have recently presented arguments for a maximum
expansion of the ranges of pinyon and ponderosa during the middle
Holocene.

Although several unresolved discrepancies exist in the paleoenviron-
mental records from the San Juan Basin, the majority of the available data
run counter to Antevs' much-discussed hot arid Altithermal (1955). At
least, this appears to be the case for most of the middle Holocene. Much
of the botanical and geologic evidence suggests a change to more xeric
conditions in the latter part of the middle Holocene, some time around
5,500 B.P. Prior to this time, relevant data point to relatively mesic
environmental conditions, probably with greater net effective moisture
than now. The various pollen records and geological studies in the Chaco
area together suggest that conditions were more arid from around 5,500
B.P. to nearly 2,000 B.P. (Fredlund 1984; Hall 1977, 1982; Wells et al.
1983)., In terms of overall moisture conditions this may have been the
most arid time in the entire post—-glacial period; however, it should be
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noted that other interpretations of this period have been ‘made that do not
infer such arid conditions (e.g., Petersen 1981; Pippin 1979).

It should be noted that in the northern Great Basin, where Antevs
based his concept of an arid Altithermal, there is general support for his
model (e.g., La Marche 1973). In general, the northern latitudes of the
United States do appear to have been relatively arid in the middle Holo-
cene (Baker 1983). The evidence from Chaco Canyon and the Four Corners
area runs counter to this trend, a fact that can be explained as a func-
tion of geographical location. The Colorado Plateau is situated in a cri-
tical position near the present northwestern limit of the effective
moisture-bearing summer monsoonal circulation (Bryson and Wendland 1967;
Mitchell 1976). The shift to higher temperatures in the middle Holocene
effectively brought this area under the influence of the monsoonal circu-
lation and greatly increased summer precipitation. A similar effect was
not evident in more northern latitudes, resulting in greater aridity. The
logical probability that a large-scale episode of climatic change such as
the middle Holocene thermal maximim will produce variable precipitation
and biotic responses over a large geographical area has frequently not
been given adequate consideration; therefore, it should not be surprising
that evidence of more mesic conditions in the Four Corners area can
coincide with evidence of greater aridity in the northern Great Basin and
Great Plains.

Archeological Implications

Archeologists throughout the West have frequently reviewed the
arguments for and against Antevs' suggested hot, dry Altithermal, and most
often chosen in favor of the model (in the San Juan Basin, for example,
cf. Moore and Winter 1980). The interpretation of moist summer conditions
through the first part of the middle Holocene suggests generally favorable
conditions for early Archaic (Jay-Bajada periods) hunter-gatherers. En-
hanced summer rainfall would yield greater availablity of exploitable
plant and animal resources because of increased forage production and
higher densities and reproductive success of terrestrial vertebrate popu-
lations (e.g., Sims et al. 1978). Pinyon nuts would have been abundant
for the first time and use of the area by bison may have been at peak
(bison remains are present in probable middle-early late Holocene contexts
in Atlatl Cave, Sheep Camp Shelter, and Ashislepah Shelter). As with
Paleoindian remains, Archaic sites in the San Juan Basin appear distinctly
sparser and more sporadic than in presumably more favorable areas to the
southeast, such as those of the Arroyo Cuervo area (Irwin-Williams
1973).

In the late Archaic (San Jose and Armijo periods), conditions appear
to have been less mesic, but cooler than in preceding times, and exploit-
able resources less abundant. It is interesting that evidence of a peak
in late Archaic occupation in the Chaco area around 3,000 B.P. (and evi-
dence of use of cultivars) may have occurred during a more xeric time.
Implications of this situation are unclear. Temporal trends in the size
and activities of the generally small populations were probably more
responsive to social, demographic, and other non-environmental factors
than to these long—-term environmental changes. '
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The Anasazi Occupation

Recently studied paleoecological information from Chaco for the past
2,000 years is summarized in the following section. The focus is on the
later Anasazi periods, preceded by a few comments on the envirommental
conditions prior to A.D. 900.

About 2,200 B.P. local pollen sequences (Fredlund 1984; Hall 1977,
1981) show a marked increase in pine pollen, interpreted by Hall as a
return to more mesic conditions following almost 3,000 years of drought.
A comparable date was proposed by Berry (1982) for an initial Basketmaker
I1 expansion on the Colorado Plateau. This agreement implies that suc-
cessful early Basketmaker occupation took place in a context of improving
physical conditions, which may be significant even if, contrary to Berry's
assertion, some experimentation and limited use of cultivars was made in
the preceding millenium, as recent evidence from the Chaco area indicates
(Betancourt 1984a; Donaldson 1984; Simmons 1984).

There is some evidence that the next major archeological transition
in the region, to large Basketmaker III pithouse villages about A.D. 500-
600, also occurred in the context of favorable climatic conditions (Euler
et al. 1979; Schoenwetter and Dittert 1968). Well-dated paleoecological
information for the Basketmaker III period, however, 1is sporadic and
difficult to assess.

Macrobotanical Evidence

Betancourt and Van Devender (1981) demonstrated that local pinyon-
juniper communities persisted in Chaco Canyon through the late Holocene at
least until the intense Anasazi occupation of the canyon. Betancourt and
Van Devender (and Samuels and Betancourt 1982) argue that Anasazi fuel and
building demands essentially eradicated local woodland growth. While Hall
(1982) and Love (1980) have criticized Betancourt and Van Devender's argu-
ment - as premature, more recently collected macrofossil data continue to
fit the hypothesis of Anasazi overexploitation (Betancourt et al. 1983).

The packrat midden record is also important in indicating that pon-
derosa and other more montane conifers were rare at best in Chaco in the
centuries prior to the Anasazi occupation (an interpretation also favored
by other recent paleoecological studies, e.g., Hall 1977). For many
decades a widespread assumption among archeologists (e.g., Judd 1954;
Vivian and Mathews 1965) implied that ponderosa was more abundant and pro-
vided construction materials for the local pueblos. The abundance of pon-
derosa and other mixed conifers among the building beams used in the large
pueblos indicates long distance importation rather than local procurement.
Betancourt et al. (1984) have recently used electron microscopy to estab-

lish the presence of both spruce (Picea sp.) and subalpine fir (Abies

lasiocarpa) among the construction timber for Chetro Ketl. These species
are now common only in high altitudes (over 2,900 m, lower in protected
canyons) in the mountains around the San Juan Basin. Presence of spruce,
fir, and Douglas fir, as well as the more common ponderosa, indicates to
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Betancourt et al. (1984) that importation of construction timber from
distances greater than 75 km was common.

Palynological Evidence

Hall (1977) interpreted conditions during most of the Anasazi period
to have been more arid than now, based mainly on relatively low pine
pollen frequencies until near the end of the Anasazi occupation when there
is an apparent increase (dated by Hall at ca. A.D. 1100). Euler et al.
(1979) and Petersen (1981) disagree with Hall's interpretation of late
Holocene events and have offered alternative explanations. Petersen
(1981) notes evidence in Hall (1977) that the apparent increase in pine
pollen may have been during the Anasazi occupation rather than after it, a
situation that fits better with Petersen's data from the La Plata
Mountains.

Euler et al. (1979) and Petersen (1981) discuss pollen data from the
Four Corners area that indicate generally mesic conditions from about A.D.
950-1150, very close to the main period of Anasazi development in Chaco
Canyon. These authors have characterized the period as having somewhat
warmer temperatures and increased summer precipitation, again as a result
of enhanced summer monsoonal circulation (see Petersen 1981; Gillespie and
Powers 1983). 1In the San Juan Basin, such conditions are thought to have
been highly favorable to Anasazi populations in the following ways: (1)
increasing average amounts of growing season rainfall (and runoff), and
reducing the frequency of destructive droughts; (2) increasing the number
and area of microenviromments regularly receiving enough moisture for
agricultural production; (3) reducing the probability of crop damage from
late spring or early fall freezes; and (4) increasing average annual prod-
uctivity and average abundances of exploitable wild plant resources and
terrestrial vertebrates (Gillespie and Powers 1983; Powers et al. 1983).

Tree-ring Evidence

Rose et al. (1982) have recently produced a detailed attempt to re-
construct yearly and seasonal variations in precipitation and temperature
values for northwestern New Mexico and an in-depth discussion of the me-~
thodological procedures involved. Their results provide the best informa-
tion on small-scale climatic fluctation during the Anasazi period. Maxima
and minima in summer and annual precipitation are summarized and illustra-
ted in Powers et al, (1983). There is some evidence, albeit inconclusive,
of a partial correlation in tree-ring dated building episodes at the
Chacoan large sites and above-average summer precipitation periods.

Probably the most significant event recorded included in the dendro-
climatic reconstruction of Rose et al. (1982) is an extended period in the
midtwelfth century (A.D. 1130-1180) of summer drought. Reconstructed
Palmer Drought Severity Indicies and summer rainfall values both show that
most years during this period had subnormal summer precipitation. The
period correlates closely with the major drop-off of building activity at
Chaco Canyon and an apparent end to Chaco's position as the major socio-
economic center of the San Juan Basin (Powers et al. 1983)., The implica-
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tion is that this period of summer drought had a significant adverse
effect on the subsistence economy of the Anasazi, especially affecting
small-scale agricultural systems dependent on summer rainfall and runoff.

Less affected were communities along the San Juan, Animas, and La
Plata rivers where perennial stream flow provided abundant water, favor-
able runoff locations around the margins of the San Juan Basin, and high-

.land areas (over 2,000 m) where precipitation amounts were higher

(Gillespie and Powers 1983). The major depopulation of the Four Corners
region at ca. A.D. 1300 may be related to the onset of the extended cool,
arid summer period which persisted until the late 1800s (Petersen 1981).

Geological Evidence

Bryan's (1954) reconstruction of the alluvial history of Chaco Wash
during Anasazi times has been widely accepted. Bryan believed the wash
was a small surface stream until near the end of the Anasazi occupation
when drought conditions caused the formation of an arroyo. The resulting
incision of the stream made agricultural production in the canyon much
more difficult and was thought to have been a causal factor in the
abandonment of the canyon.

Hall (1977) accepted Bryan's timing for arroyo formation at around
A.D. 1100, but offered a different cause for incision. Rather than
drought, the pollen evidence led Hall to propose increased precipitation
and greater erosive capability as the cause of arroyo cutting. Love
(1980, 1983), while agreeing with Hall's mechanism of arroyo formation
(contrary to Euler et al. [1979]), questions the dating of this event. On
the basis of detailed examination of the alluvial deposits, Love suggested
that there were more buried channels than Bryan described and that channel
incision was a more common event than previously thought. Love (1983)
suggests that entrenched channels may have existed prior to A.D. 700 and
during much of the Anasazi occupation, thus casting doubt on proposals of
disastrous consequences of arroyo formation. Agricultural strategies in
the canyon which evidently focused on the use of runoff from the sides of
the canyon (Vivian 1974) appear to have been successfully adapted to the
presence of an arroyo. '

Discussion

Regional pollen sequences (Euler et al. 1979; Petersen 1981) suggest
that from about A.D. 950 to mid-1100s relatively warm temperatures with
generally high summer precipitation characterized the southeastern
Colorado Plateau. Anasazi cultural development at Chaco Canyon flourished
during this period, in part because of favorable conditions for agricul-
tural production. The decline of Chaco Anasazi is well correlated with a
period of low summer rainfall in the middle of the twelfth century. This
period of drought may have been a major destabilizing factor in the
apparent decline in the Chaco-based regional economic system.
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Summary

The paleoecological information summarized here indicates important
changes in the biotic environment and climate in the Chaco area over the
past 12,000 years. Prior to ca. 8,000 B.P., mixed conifers including
spruce and limber pine were present on thin sediments along the canyon
sides while areas of cold desert steppe probably existed on mesa tops.
These plant associations, which are similar to some now found in the
northern Great Basin and northern Rockies, imply a colder climate than
anytime since, and probably a moderately wetter one.

A global warming, which had been under way for several millenia,
reached or exceeded modern levels about 8,000-9,000 B.P. About this time
pinyon and juniper apparently migrated into the area and replaced the more
mesic mixed conifers. A switch from sagebrush-dominated cold desert
steppe to a warm desert grassland may have taken place as well. The pri-
mary cause of this biotic turnover is thought to be the initiation of
warm, wet summers as the Bermuda High monsoonal circulation system became
established on the Colorado Plateau and winter precipitation lessened as
westerly storm tracks retreated poleward.

From late in the middle Holocene (ca. 5,500 B.P.) there is evidence
of increased aridity that persisted to around 2,200 B.P. While this xeric
period could be considered a manifestation of an arid Altithermal episode,
there are compelling reasons not to do so. Specifically, regional data
indicate that this period of aridity occurred mainly in the context of
cooling temperatures, rather than high temperatures. The warmest times
were earlier and appear to have been more mesic.

Essentially modern conditions have existed since ca. 2,200 B.P.,
although short-time fluctuations probably have been important throughout
this span. Most important for the local Anasazi development was a period
of above average summer rainfall and temperatures from ca. A.D. 950-1130
during which the Chaco Anasazi flourished. The demise of Chaco as a
regional center may be related to a period of prolonged summer drought
from A.D. 1130-1180.

Throughout this paper reference has been made to a basic climatic
model which relates the geographical position of the San Juan Basin (with
respect to atmospheric circulation features) to expected responses to cli-
matic changes and fluctuations. It is argued that the San Juan Basin
occupies a climatically sensitive position near the northwestern edge of
the summer monsoonal circulation system. Periods of warmer temperatures
and strong restricted westerly flow should result in above average summer
rain. General support for this concept is found at different scales, both
on a large scale with major differences in early Holocene and middle
Holocene biotic communities, and on a smaller scale, with the fluctuations
evident during the Anasazl occupation.
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Chapter Two

Vegetative Cover, Diversity, and
Annual Plant Productivity,

Chaco Canyon, New Mexico
by
Anne C. Cully and Jack F. Cully,dr.

Introduction

Chaco Canyon is located in the central San Juan Basin in northwestern
New Mexico. The San Juan Basin is, in many respects, an extension of the
Great, Basin, although the Chihuahuan Desert to the south influences the
climate and the composition of the vegetation. The soils of the San Juan
Basin are generally shale and sandstone derived. The vegetation is domi-
nated by members of the Compositae family, including sagebrush (Artemisia
spp.) and rabbitbrush (Chrysothamnus spp.), and the Chenopodiaceae, espe-
cially various saltbushes (Atriplex spp.; Donart et al. 1978; Shreve
1942). As in the Great Basin, winter precipitation is a significant com—
ponent of the total in northwestern New Mexico, but the summer monsoonal
rains from the south provide a large proportion of the rainfall during the
growing season (Tuan et al. 1973). A summary of weather data at Chaco
Canyon over a 20-year period, from 1957-1977 (Cully 1984a), shows that
annual precipitation averaged 20.6 cm. The heaviest precipitation occurs
during July through September, with each of these months averaging >3 cm.
The remainder of the rainfall is approximately evenly distributed through-
out the rest of the year. The San Juan Basin can have two periods of
plant productivity, one in spring, if there is normal or above normal pre-
cipitation, and another more predictable period during late summer and
fall, in response to the monsoonal rains of late summer.

Early visitors described Chaco Canyon and the surrounding region. 1In
1849, scrub cedars (Juniperus), sagebrush (Artemisia), and grama grasses
(Bouteloua spp.) were conspicuous plants in what Simpson (1964) described
as a wide expanse of barren waste. Jackson (1878) described a deep arroyo
in the canyon, although cottonwoods and willows lined the wash near Pueblo
del Arroyo where he camped. “There was also considerable new grass just
springing up among the willows and young cottonwoods, which extended half
a mile above and below us, that was much relished by our half-starved
mules, besides which the perpendicular sides of the arroyo served excel-
lently as a corrall [sic] to restrain their wanderings.” Judd (1954)
found only a few cottonwoods in 1920 and stated that willows were contin-
uvally decreasing with the erosion of sand bars in the wash. At the time
of the boyhood of one of Judd's informants (just prior to Simpson's visit
in 1849), the canyon was said to have been carpeted with high grass (prob-
ably alkali sacaton or galleta, both common today) and shallow pools of
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water stood throughout the year. Cottonwoods and willow were common near
Peflasco Blanco and downstream. Because of variation in observer reports
it is difficult to tell whether conditions were any different 100 years
ago than they are today.

While Chaco Canyon has been grazed since the eighteenth century or
possibly earlier (Brugge 1980), large-scale cattle and sheep operations
'did not begin until 1878 or 1879 (Judd 1954), when several stock companies
moved into the area. (Brugge [1980] suggests that these dates are too
early by a decade.) This apparently had a severe effect on the vegetative
cover, particularly grasses and palatable shrubs. Heavy grazing continued
into the twentieth century until the formation of the Chaco Canyon Nation-
al Monument and the construction of a boundary fence in 1936 (Brugge
1980) . Beginning about 1935, various planting, seeding, land treatment
projects, and erosion control were initiated to restore the overgrazed
vegetation and to combat the severe erosion taking place in the main chan-
nel and tributary arroyos within the park. Most of the reseeding was with
species native to the area, e.g., western wheat grass (Agropyron smithii),
galleta grass, blue grama, and drop seeds (Sporobolus cryptandrus S.
airoides). Several species of willow (Salix exigua; S. communis; §.
amygdaloides), cottonwood (Populus fremontii), and wild plum (Prunus vir-
giniana?) were planted by the hundreds of thousands in the main wash.
Some of the species were exotics, the most notable being tamarisk (Tamarix
pentandra) (Balch [1949, 1950]; Brugge [1980]; Chaco Canyon National Monu-
ment [1949,1950]; Keefe [1950]). Many, if not all of these species were
probably present before conservation activities began, although their num-
bers may have been considerably reduced by grazing and erosion. Western
wheat grass, galleta grass, sand dropseed, alkalai sacaton, cottonwood
trees, and willow (Salix exigua) are all abundant locally; however, most
of the erosion control features and associated plantings have been washed
away.

Recent biological work in the canyon has included ecological descrip-
tions of the vegetation and habitat types. Jones (1972) established per-
manent vegetation sampling units in differing vegetation types. Potter
(1974) also established permanent transects in various vegetation types
delineated in the map produced by Kelley and Potter (1974). Scott (1980a,
1980b) and Scott and Duke (1980) report the results of several years work
that include sampling perennial plant cover, measuring ephemeral plant
populations, and evaluating the phenology of the perennial plants at a
study area near Pueblo Alto.

The study sites for this report are five areas used by J. Cully
(1984b, this volume) in his study of the bird and rodent communities. The
areas were selected from Kelley and Potter's (1974) vegetation map of
Chaco Canyon. The principal criteria for the choices were that each area
include habitat sufficient to contain a transect 120 m wide by 1.6 km
long, that the areas were different from one another, and that in combina-
tion they represent the major habitats in the park. The sites at Pueblo
Alto and at the mouth of Werito's Rincon were added for this study to pro-
vide additional data on annual plant productivity. The main purposes of
the botanical fieldwork reported here were to sample the vegetation of the
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major habitats in Chaco Canyon, to identify the dominant perennial plant
species, estimate diversity, and to measure the variation in productivity
of annual plants. The data gathered for this study provided a background
for investigating ecological relationships in bird and mammal communities
that exist in Chaco Canyon today. The characteristics of the vegetation
may be equally relevant to the understanding of foraging behavior of pre-
historic human populations who lived in Chaco Canyon; questions that apply
to birds, mammals, and to humans include those relating to what plants
would have been available, where they occur, and how these resources might
vary spatially and temporally. Perennial plants are commonly used for
measurements of dominance and diversity because they are a more stable
component of the plant community than annual plants. Annual production is
characterized by a fascinating cycle of years of low germination inter-
spersed with years of super—-abundant germination and reproduction. At
Chaco Canyon, we had the opportunity to document one super—-abundant year
followed by several consecutive years of little or no annual production.

Study Areas

The Bench

The bench lies within the Hilaria-Bouteloua with Atriplex vegetation
type, dominated by galleta grass and blue grama grasses, with a signifi-
cant component of fourwing saltbush (Kelly and Potter 1974). The bench
(Figure 2.1) is elevated above the floodplain and is bounded on the north’
and south by sandstone cliffs. Soils are thin and there is a great deal
of exposed bedrock.

Casa Chiquita and Pueblo Bonito

Two study sites lie within the Atriplex-Sarcobatus vegetation type in
the floodplain of the wash, which is dominated in the western portion of
the park by fourwing saltbush, shadscale, and black greasewood (Kelley and
Potter 1974). The sites are bordered on the south by the wash and on the
north by sandstone cliffs and the bench habitat.

The Wash

The wash is the erosion channel of the Chaco River; it bisects the
floodplain through the length of the park. Riparian, woody vegetation is
characteristic of the wash habitat; the inner channel is dominated by rab-
bitbrush (Chrysothamnus nauseosus) and black greasewood (Sarcobatus vermi-
culatus). Coyote willow (Salix exigua), fourwing saltbush (Atriplex
canescens), cottonwood (Populus fremontii), and tamarisk also occur
(Kelley and Potter 1974).

Pinyon—-Juniper

The woodlands of the higher elevations of Chacra Mesa are strongly
dominated by one-seed juniper (Juniperus monosperma). Pinyon pine (Pinus
edulis) is subdominant (Kelley and Potter 1974).
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Pueblo Alto

Pueblo Alto is located in a shrub grassland, the Atriplex-Oryzopsis—
Sporobolus vegetation type, dominated by fourwing saltbush, Indian rice-
grass, and sand dropseed (Kelley and Potter 1974). The site is located in
the uplands to the north of the canyon proper.

Werito's Rincon

This study site is located at the mouth of a large rincon to the
southwest of the main canyon. According to Kelley and Potter (1974), the
vegetation type is similar to that surrounding the Pueblo Alto study
area.

Methods

Perennial plant cover was measured using the line intercept method
(Canfield 1941). Cover was measured on 25 10 m—lines stretched in alter-
nate directions at 62 m intervals along a 1.6 km transect in each habitat.
This yielded a total of 250 m sampled in each habitat. Each perennial
plant species intercepted was measured to the nearest cm. The Bench, Casa
Chiquita, and Pueblo Bonito were sampled during April, 1979. The Wash and
the Pinyon—-Juniper sites were sampled during May, 1981.

In order to identify the species that can be most easily used to dis-
tinguish between habitats, the cover data from each 10 m line segment in
each habitat was subjected to discriminant function analysis. The habi-
tats were the discriminating variables, and the 29 species of plants that
were encounted on 3 or more (of a total of 125) segments, were the predic-
tor variables. This analysis was done at the University of New Mexico
Computing Center using BMDP (Dixon 1981).

The cover data at each transect were analyzed for species richness,

S (number of species) = Hp, species diversity 1/ I piz. = H
(Simpson 1949), and exp(- I pjy 1ln py) = Hp (Shannon and Weaver 1949)
and evenness, J, where J = Hy/Hy (Peet 1974; Pielou 1974). Hill

(1973) suggests that evenness as measured above is subject to change with
change in sample size, and that the ratio H)/Hy is a better ratio to
describe evenness. This is partly because Hy always lies between Hy
and Hy. Since J is still common in the literature we present both mea-
sures of evenness. Species composition at each habitat is also presented
in tabular form for comparison.

Annual plant densities were estimated at the Bench, Casa Chiquita,
Pueblo Bonito, and Pueblo Alto in June 1979, 1980, and 1981, and at
Werito's Rincon during June, 1979. At each area data were taken from 20
1/2 m2 quadrats placed at 10 m intervals along 100 m tapes laid at ran—
dom in a 1 ha area of the transect used to measure cover at Casa Chiquita,
Pueblo Bonito, and the Bench. Cover was not measured at Pueblo Alto or at
the site at the mouth of Werito's Rincon; however, a transect was laid out
in the same way at these two sites to gather the annual plant data. The
number of annual plants within each quadrat was counted by species; all
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vegetation was then picked and saved in plastic bags. The vegetation was
air-dried at room temperature for a minimum of 2 months before storage.
Each sample was weighed to the nearest 0.1 g. The seeds were separated
from foliage, stems, and flower parts in a seed separator and weighed
separately.

Results
Perennial Plant Species

According to the cover data, the dominant species on the bench are
Mormon tea (Ephedra viridis), Bigelow's sagebrush (Artemisia biglovii),
Greene's rabbitbrush (Chrysothamnus greenei), galleta grass, and Indian
ricegrass (Table 2.1). The dominant species at Casa Chiquita are broad-
scale (Atriplex obovata), black greasewood, Torrey seepweed (Sueda torrey-
323), and alkalai sacaton. Pueblo Bonito is similar to Casa Chiquita, ex-
cept that broadscale is missing, and fourwing saltbush is much more impor-
tant than at Casa Chiquita (15% cover versus 1% at Casa Chiquita; see
Table 2.1). Black greasewood and seepweed are also important at Pueblo
Bonito. Galleta grass is absent at Casa Chiquita, but contributes 27
cover at Pueblo Bonito (Table 2.1). The Wash is dominated by rabbitbrush,
tamarisk, coyote willow, big sagebrush, and fourwing saltbush. The
pinyon—juniper habitat on Chacra Mesa is dominated by Bigelow's sagebrush,
mountain mahogany (Cercocarpus montanus), three-leaved sumac (Rhus trilo—
bata), pinyon, one-seed juniper, and Galleta grass (Table 2.l1). Shrubs
and forbs are the primary components of the vegetation at all the study
sites sampled for perennial vegetation (Figure 2.2).

The discriminant function analysis (DFA) shows that there are 12 spe-
cies that are important in discriminating between habitats (Table 2.2).
The list includes all of the above species as dominants plus. one addition-
al species, Artemisia dracunculoides. One value of the DFA is its ability
to show which habitats are most similar to each other, and by a jacknife
procedure, to show how accurately the habitats can be distinguished on the
basis of the predictor variables. The jackknife procedure takes each of
the observations that were used to derive the discriminant functions and
tests a posteriori the accuracy with which the cases are attributed to the
correct groups; it is a test of the accuracy of the discriminant functiomns
to discriminate between groups. Figure 2.3 shows the relationships of the
observations from each habitat on canonical variables (discriminant func-
tion axes) 1 and 2. Casa Chiquita and Pueblo Bonito are similar to each
other. The Bench and Pinyon—-Juniper habitats are also very similar; in
fact, they are almost completely overlapping on canonical axes !l and 2.
(They are separated on axis 4 where juniper is an important variable.) Al-
though 8/25 observations from the Bench were misclassified to the Pinyon-
Juniper, only one observation from the Pinyon-Juniper was misclassified to
the Bench (Table 2.3). The Wash habitat was distinct from the others with
a small area of overlap on canonical axes 1 and 2.

The analysis indicates that the habitats are sufficiently different
to allow a 10 m line intercept measurement in each of the five habitats
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‘ Table 2.1 Cover at Five Habitats at Chaco Canyon

Casa Pueblo Pinyon-
Bench Chiquita Bonito Wash Juniper

Ephedra viridis 680 0 0

0 26
Artemisia bigelovii 1145 0 0 0 682
Atriplex canescens 164 187 3802 444 0
Atriplex obovata 0 1808 0 0 0
Chrysothamnus pulchellus 70 0 0 0 0
Cercocarpus montanus 0 0 0 0 376
Rhus trilobata 79 0 0 0 217
Opuntia spp. 6 0 0 0 18
Other 287 0 0 247 23
Gutierrezia sarothrae 23 0 21 - 0 100
Chrysothamnus greenei . 450 0 0 0 0
Chrysothamnus nauseosus 0 0 0 2952 100
Eriogonum spp. 196 0 0 0 94
Artemisia dracunculoides 0 0 0 190 35
Artemisia tridentata 1 0 0 573 51
Sarcobatus vermiculatus 0 1211 2260 220 0
Suaeda torreyana 0 286 202 0 0
Tamarix pentandra 0 0 0 2917 0
Lycium pallidum 0 0 44 0 29
Pinus edulis 0 0 0 0 229
Juniperus monosperma 2 0 0 0 2117
‘ Hilaria jamesii 252 0 456 53 269
Sporobolus spp. 101 0 0 309 0
Oryzopsis hymenoides 250 10 4 73 10
Bouteloua gracilis 0 0 0 5 110
Agropyron spp. 0 51 0 175 0
Sporobolus airoides 0 714 131 0 0
Salix spp. 0 2 0 1772 0
Total 3542 4259 6920 9210 4486
% cover 147% 17% 28% 37% 18%

The values are the number of cm intercepted for each species at 25, 10 m
lines in each habitat. To calculate percent cover, divide by 25,000.
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‘ Table 2.2 List of Species Utilized by the Discriminant Function Analysis
Step Number _ Species , F to Enter
1 Atriplex obovata 27.03
2 Atriplex canescens 15.96
3 Artemisia bigelovii 12.88
4 Chrysothanmus nauseosus 10.87
5 Sarcobatus vermiculatus 6.88
6 Juniperus monosperma 5.60
7 Hilaria jamesii 4,79
8 Oryzopsis hymenoides 4.90
9 Artemisia dracunculoides 4.27
10 Salix exigua 4,25
11 ‘ : Tamarix pentandra 4.40
12 ‘ Ephedra viridis 4.13

Table 2.3 BMDP7M Discriminant Function Analysis to Determine Which
Species are Important in Discriminating Between Habitats

. Number of Classes Classified into Group
% Casa Pueblo Pinyon~
Group Correct Bench Chiquita Bonito Wash Juniper

Bench 60 15 0 0 1 9

Casa Chiquita 64 0 16 5 0 4

Pueblo Bonito 84 0 0 21 0 4

Wash A 60 3 0 3 15 4

Pinyon—Juniper 88 2 0 0 1 22

Total 71 20 16 29 17 43
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sampled to be classified correctly a high percentage of the time (see
Table 2.3).

Diversity

The Bench has the second highest richness and the highest diversity
according to the two diversity indices (Table 2.4). It also has the
lowest cover of the five habitats. Casa Chiquita has considerably lower
diversity than the Bench but cover that is similar in value. The divers-
ity of Pueblo Bonito is similar to Casa Chiquita but with much higher
cover. The Wash has similar cover and greater diversity. The Pinyon-
Juniper habitat resembles the Bench in its high speciles diversity, par-
ticularly richness, and low cover values.

Annual Plant Species and Biomass Measures

At all five areas sampled for annual plant densities, the total den-
sities were considerably higher in 1979 than in the following two years
(Table 2.5-2.6; Figures 2.4-2.6). Annual species diversity (measured as
richness) was also higher during 1979, with most species occurring only in
that year. When biomass is compared between sites and years, the picture
is not so clear., At Casa Chiquita and Pueblo Bonito - the pattern for bio-
mass was similar to the pattern for annual plant density; however, at
Pueblo Alto and the Bench, the totals of both plant and seed biomass were
higher in 1980 than in 1979. The differences in biomass and seed produc-
tion may be due to local species composition, soil conditions, and water
availablity. The biomass figures include grasses, a component of the
perennial vegetation that may be affected by increased moisture later in
the year or even the following year.

The species composition at Werito's Rincon was different from that at
the other sites (Table 2.5; Figure 2.7). 1In 1979, pinnate tansy-mustard
(Descurainia pinnata) was the dominant annual in terms of density at all
sampling locations save Werito's Rincon, where stickleaf (Mentzelia spp.)
was the most abundant (Figure 2.7). 1In spite of the similar densities,
the total biomass and seed biomass are much lower at Werito's Rincon than
at the Casa Chiquita site (Figure 2.6). Pinnate tansy-mustard apparently
produces more seed and foliage than stickleaf (seed biomass was not sepa—
rated by species, however). Further studies are needed to determine
whether or not these results are due to phenological difference in the two
species.

Discussion
Habitat Types

The results of this study suggest that the wash, the floodplain, the
bench, and the mesa tops are distinct habitat types. Individual species
distribution may overlap habitat types, but each type is distinguished
either by the presence of species unique to that habitat, or by the
greater dominance of particular species over others.



Table 2.4 Cover and Diversity at Five Habitats at Chaco Canyon

1 1
%Z Cover S z Piz = H - §PjLpPi = Hp 2_213

S

Bench 14 15 6.05 8.08 .5388 0.40
Casa Chiquita 17 7 3.3939 4.0786 «5822 0.48
Pueblo Bonito 28 8 2.4147 3.0224 .3778 0.30
Wash 37 13 4.8509 6.4900 «4992 0.37
Pinyon—-Juniper 18 17 3.7918 6.4958 .3821 0.22

S = species richness. Data are derived from total cover for each species found in each habitat.
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Table 2.5

Pueblo Bonito
1981 1979

Annual Plant Dénsities at Chaco Canyon

1981

Pueblo Alto
1980

Astragalus
Atriplex

Chenopodium
Cryptantha crassisepala

Descurainia

Ipomopsis

Lappula
Mentzelia

Phacelia
Plantago
Portulaca
Salsola
Senecio
Solanaceae

Sphaeralcea

Stephanomeria
Streptanthella

Townsendia

Other*

Unknown

Number of Species
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Table 2.6

Location

Casa Chiquita

Pueblo Bonito

Bench

Pueblo Alto

Werito's Rincon

Biomass is expressed as g/m2
*We only collected biomass samples from 10 plots at Casa Chiquita in 1979.

Vegetation Biomass of Annual Plants and Grasses
at Five Locations

Year

1979%
1980
1981

1979
1980
1981

1979
1980
1981

1979
1980
1981

1979

Total Plant Biomass

Mean Se
98.8 : 12.68
28.6 6.93
3.8 0.97
126.8 9.65
24.26 5.02
26.18 4.26
5.52 0.88
13.46 2.12
5.08 0.74
32.50 2.27
57 .46 4.51
15.94 1.29
42.34 2.91

Seeds
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Figure 2.4 Total Plant and Seed Biomass at Casa Chiquita, Pueblo Bonito, the
Bench, Pueblo Alto, and Werito's Rincon, June 1979
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The results of our sampling are somewhat different from those of
Potter (1974) and Jones (1972) for the study sites. This can be accounted
for in several ways. Although based on the line intercept technique, the
methodologies chosen by each investigator were different; the criteria
for choosing study site locations, the length of the transects, and the
locations of the transects were determined by the goals of each study. 1In
addition to these factors, differences may be attributed to actual changes
in the abundance of perennidl plant species. Jones (1972) was the first
to note changes in perennial cover over a two-year period along permanent
sampling transects. In a more rigorously controlled study, Scott (1980b)
reports the death of many perennials in his study plots, particularly big
sagebrush, fringed sagebrush (Artemisia frigida), broom snakeweed (Gutier-
rezia sarothrae), Greene's rabbitbrush (Chrysothamnus greenei), and bot-
tlebrush squirreltail (Sitanion hystrix), during a period of low rainfall
in 1976. Similar changes may go undocumented from year to year and result
in changes in plant cover and dominance of plant species in local areas.
Organisms depending on resources that suffer a large-scale die-off would
be forced to shift their foraging to other, less preferred species, to
leave the area, or to die. For human populations, perennial plants pro-
vided food, fuel, and material for construction. Many species may actual-
ly serve all three purposes. Table 2.7 indicates the perennial species of
major ethnobotanic importance that we encountered on sampling transects
and the habitat in which they were found at the highest cover values.
This table does not include all the perennials of importance to prehis-
toric human populations (see Cully [1984] and Toll [1985a] for archeo-
botanical evidence of plant resources from Chaco Canyon), however, it does
give some idea of the location of these species.

The Bench habitat provides a favorable environment for Indian rice-
grass. The floodplain offers alkalai sacaton for food and many species
useful for fuel. The Wash provides several food species, some fuel, and
construction materials. Food, fuel, and construction materials are found
. on the mesa.

Annual Plant Productivity

One of the most conspicuous characteristics of annual plant produc-
tivity is the variability from year to year. Jones (1972) measured annual
plant cover along with perennial cover and noted drastic changes in total
cover over a two-year period, due in large part to differences in annuals,
but also to the death of some of the perennial shrubs. Potter (1974) re-
ports that several plant communities in Chaco Canyon are particularly good
for annual plant production when conditions are suitable for germination.
Scott (1980a) also records variability in annual plant populations from
1975 to 1977. '

Annual spring plant densities fluctuated drastically from year to
year during the period 1979 to 1981. We believe that the dramatic abun-
dance of annuals in 1979 was due to late winter and spring precipitation
that fell at Chaco Canyon in 1978-1979. During December and January, mean
monthly temperatures were low (Figures 2.8 and 2.9). Together, these cli-
matic variables resulted in favorable conditions for the germination and
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Table 2.7 Perennial Plant Species of Major Ethnobotanic Importance .
and Habitats Where They Had the Highest Cover Values

Bench Floodplain Wash Mesa Top

Food

Oryzopsis hymenoides +

Agropyron spp. +
Sporobolus spp. +

Sporobolus airoides +
Pinus edulis +

Opuntia spp. +

Fuel

Atriplex canescens
Atriplex obovata
Artemisia tridentata
Sarcobatus vermiculatus
Chrysothamnus nauseousus +

Pinus edulis +
Juniperus monosperma +

+ 4+ + +

Construction

Salix spp. + ‘

Pinus edulis +
Juniperus monosperma +
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growth of various spring and summer annuals to reproductive maturity.
Conditions were particularly favorable for pinnate tansy-mustard. The an-
nual plant species probably account for most of the increase in total bio-
mass and seed biomass on the study plots, although perennial grass biomass
also contributed to the total biomass. Different climatic conditions may
produce different dominant species in the annual plant populations from
year to year: there may also be years when all species are few in number
or absent.

Compared to the results of our density sampling for early summer
Scott (1980a) reports far fewer plants per square meter in spring 1977,
after removing herbaceous perennials (Figure 2.10). The dominant annuals
of June, 1979 were pinnate tansy-mustard and hiddenflower (Cryptantha
crassisepala). Pinnate tansy-mustard did not occur at all during spring,
1977, and hiddenflower was recorded in very low densities in two plots.
The dominant annual in spring, 1977 was goosefoot (Chenopodium dessica-
tum); goosefoot appeared only in very low densities in 1979 (Table 2.8).
Our results in 1980 and 1981 were similar to Scott's for 1977.

Because of their ephemeral nature, annual plant species are often ig-
nored as important components of plant communities; however, their sudden
occurrence during favorable years may affect many other organisms. At
Chaco Canyon, rodents may undergo population increases that are based on
annual plant resources (Cully 1984a). For human populations, archeobotan-
ical evidence indicates the importance of annual species such as Cheno—
podium, Portulaca, Amaranthus, Descurainia, Mentzelia, and others to pre-
historic populations (Cully and Clary 1985; Toll 1985b; Toll and Cully
1985). At Chaco Canyon, annuals like pinnate tansy-mustard that do well
in fine clay soils, when winter and spring moisture is available, could
have been efficiently harvested along the floodplain in productive years
because of the high densities. Sandier soils characteristic of the
uplands around Pueblo Alto and the outwash areas like the mouth of
Werito's Rincon may provide another group of annual resources that are
available during other years. , The highest plant densities of species
(with major ethnobotanical importance) that we encountered were on the
floodplain and at Werito's Rincon (Table 2.9). Other habitats may have
also provided such resources, but would require greater expenditure of
energy to harvest because of lower densities.

Habitat Diversity

The relationship between environmental diversity and animal popula-
tions has been of interest to ecologists in their attempt to understand
the factors which control the composition of biotic communities (Pielou
1974). Whitaker (1972) and Pielou (1974) discuss several different types
of diversity. Alpha diversity is applied to small, homogeneous areas,
such as plant communities or habitat types, defined by more or less natu-
ral boundaries. Beta diversity is the measurement of differences between
these small, homogeneous areas. Gamma diversity applies to a large, het-
erogeneous area, such as a geographic region. Our measurements were of
alpha diversity. The results show that the bench habitat has the highest
diversity. Rather than suggesting that this would be the best area for
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Table 2.8

Astragalus spp.
Atriplex spp.

Chenopodium spp.
Cryptantha crassisepala

Descurainia pinnata
Ipomopsis spp.

Lappula redowski

Mentzelia spp.

Phacelia spp.

Plantago purshii

Salsola spp.

Senecio spp.
Streptanthella’ longirostris

Densitites of Annual Plant Taxa, NFWL Study Area, Spring 1977,

and Pueblo Alto Study Area, June, 1979

LOCATION
NFWL Site
Spring, 1977
Plot 1 Plot 11 Plot IIL Plot IV Plot V

Townsendia spp.
Lupinus pursillus
Other*
Unidentified

Total Density

0.36 0.01 0.25 5.35 0.05
0.06 0.02
0.01

0.15
0.01 0.12 0.04
0.72 ’ 0.01
0.02
0.03
1.14 0.01 0.27 5.5 0.29

Pueblo Alto

June, 1979 June, 1980 June 1981
11.9
0.2
0.2
18.6
41.1
0.2
0.5 1.5
3.7
3.5 0.1
0.3
2.3
0.7
1.4 0.6
0.7 0.1
0.9
86.0 2.4 0.1
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Table 2.9 Annual Plant Species of Major Ethnobotanic Importance and ‘
Locations where They Occurred in Highest Densities, June,
1979
Pueblo Werito's
Bench Floodplain Alto Rincon
Chenopodium spp. +
Cryptantha crassisepala +
Descurainia pinnata +
Plantago purshii +
Portulaca spp. +

Mentzelia spp.
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foraging because of the great number of different plant species available
to consumer organisms, we suggest that the low total cover and biomass
production make this an area that would support low numbers of animals.
Cully (1984a) found the lowest populations of rodents in this habitat over
a two-year period. We suggest that high alpha diversity is a poor predic-
tor of consumer populations. On the contrary, in an area where abundant
plant resources are found, low alpha diversity for either perennials or
annuals may indicate an excellent foraging site where energy expended in
harvesting yields the greatest reward. Depending on the consumer groups
and the distance the consumers are able to travel to find food, beta and
perhaps even gamma diversity may be more meaningful than alpha diversity.
As suggested by Cully (1984a) and Toll and Cully (1985), beta diversity
may be of significance to dispersal of rodent populations. Beta and per-
haps gamma diversity are important variables underlying the movements of
prehistoric hunting and gathering populations.

Summary

We measured perennial plant cover in five habitats in Chaco Canyon
and found that the highest cover occurred in the wash where rubber rabbit-
brush, tamarisk, and coyote willow were the dominant species. At the time
the measurements were made, cover grasses were uncommon, probably as a re-
sult of flooding that had scoured the wash the previous winter. Species
diversity in the wash was intermediate between the other habitats. An—
nuals were not sampled in this habitat. The two floodplain sites, Casa
Chiquita and Pueblo Bonito, were dominated by black greasewood and four-
wing saltbush, but they differed in the relative abundance of the two
species. Pueblo Bonito had higher cover than Casa Chiquita and both had
low species diversity.

~ Annual plant species density, diversity, and biomass were high on the
floodplain sites during 1979 but low during the other two years. This
habitat produces potentially valuable food resources during wet years.
The Bench and Pinyon-Juniper habitats were most similar in the discrim-
inant function analysis of perennial vegetation. Both habitats had low
cover and very high perennial species diversity. Annual plants on the
Bench had the lowest production measured during 1979, when the floodplain
sites were producing their peak. At the pinyon-juniper site annual plants
were not measured, but the pattern for annual plants was probably similar
to that for the bench.

Annual plant density at Pueblo Alto and Werito's Rincon was high
during 1979. The greatest biomass at Pueblo Alto was measured in 1980,
the year following the wet winter-spring of 1978-1979. This apparently
reflects the development of grasses which responded to the wet period more
slowly than annual plants. Thus, while the floodplain habitats are the
most productive during exceptionally wet years, the upland habitats may
provide better foraging sites during other years.

The major conclusion to be drawn from this study is that both  annual
and perennial plant species vary between habitats and that resources may
be available during different years in different habitats. The second
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conclusion is that those habitats with the highest alpha diversity may be
the poorest in terms of flood production, and that the variety of species
present is accompanied by low biomass.
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Chapter Three

Experimental Corn Plots in Chaco Canyon:

The Life and Hard Times of Zea mays L.
by
H. Wolcott Toll
Mollie S. Toll
Marcia L. Newren
William B. Gillespie

"With plenty of rain and no wind, worms, or rats to destroy our
crops, and no weeds to choke them, we would never need to work so
hard."

Don Talayesva, Sun Chief
(Simmons 1942:231)

Even among those who have grown accustomed to the idea that the
Anasazi produced enough food to sustain substantial populations for hun—
dreds of years, and did so under very difficult agricultural conditions,
Chaco Canyon seems to be an extreme case. There is an archeological tra-
dition of sorts for setting out to try growing corn under such conditions,
and this study is in that tradition. 1In the course of the effort we
gained some practical knowledge about farming in Chaco and the results
provide graphic illustration of problems that attend that pursuit. These
experiments were designed to address a number of questions:

1) How, in fact, does corn fare in the minimal precipitation condi-
tions of Chaco? This question is of heightened interest when it is real-
ized that normal annual moisture at Chaco (1951-1974; mean=8.48 in.
Inches are used here because that is the unit used by the National Weather
Service) is less moisture than in a year of drought at Mesa Verde, such as
1934 (10.19 in) that occasioned a crop failure in the long-lived Mesa
Verde experimental plot (Franke and Watson 1936:23). Hopi country, as
well, receives substantially more moisture than does Chaco, with an annual
mean of around 11 in. (Hack 1942). Thus, both Chaco and the Hopi are
below the standard accepted minimum of 12 in. per annum for dry farming.

2) How do the corn growing techniques proposed for the topographical-
ly and perhaps socially divergent north and south sides of the canyon com—
pare in success? Vivian (1970, 1974) and others suggest that the inhabit-
ants of the large sites on the north side of the canyon practiced intensi-
fied irrigation agriculture using the extensive slickrock catchments on
that side of the canyon. On the south side, the presence of more dunes
and less bare rock may have been better suited to agriculture on a more
individual scale, which, some say, corresponds to the smaller sites
generally in evidence on the south.

79
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3) Related to and stemming from (2), have the soils in the intensive-
ly cultivated north side fields been exhausted and/or is the high clay
content and high alkalinity of the soils in the main canyon bottom
prohibitive to corn agriculture (the "black alkali” of Judd [1954:60])?

4) Are other potential farming locations capable of producing
substantial crops?

Nine locations were planted with Hopi corn during 1977, 1978, and
1979. Beans and gourds were planted in some of these and other locations
in 1977 with little success. In subsequent years only corn was planted.
While these plots were observed and tended, it should be clearly recogniz-
ed that they probably did not receive the full attention that they would
have were they our sole source of subsistence. Further, we are the first
to admit that we are anything but seasoned Hopi farmers. Nonetheless, the
plots received attention at least equal to that described for other such
experiments (see Appendix). Field size and preparation increased from
year to year, as techniques were refined. Our procedures and measurements
do not approach the control of a laboratory experiment, but was Anasazi
corn ever grown in a laboratory?

Plot Locations

The plots used were located in several topographic situatiomns around
the canyon (see Figure 3.1); summary data on soil, locations, and wild
vegetation association may be found in Table 3.l. Only one of these
locations was used in two different years.

Plot 1, 1977. Two hills were placed in a sand-filled depression in
the bedrock between Pueblo Alto and Pueblo Bonito. An Anasazi retaining
wall is present on the downslope side of the sandy area. The excavator of
both this feature and an associated stone circle suggested that this was
an artificially filled garden plot (29SJ 1976, Windes [1978:69-72, 104-
105]). Not included in these tabulations is a plot briefly in existence
in 1978 located on some dunes on the bench just below Plot 1. The area
planted is in the vicinity of several archeological features including
Navajo habitations, Anasazi roads and stairways, and some very large re-
taining walls of unknown function. In addition, heavy growth of Ephedra
on the dunes and in depressions suggest unusual growing conditions. While
corn germinated in the plot, it was very short-lived. Difficulty in
watering, brevity of survival, and lack of documentation preclude more
than this mention.

Plot 2, 1977. This plot is located within the Chetro Ketl Fields, an
area proposed to have been gridded by earth berms to form a “waffle
garden” or a system of bordered gardens (Loose and Lyons 1976; Vivian
1974). It has been suggested that the soll here will no longer support
crops (Judd 1954:60; Love 1980:65); indeed, modern wild vegetation is
stunted and sparse.
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Figure 3.1

Map of Chaco Canyon, northwestern New Mexico, showing selected large sites and the
locations of experimental corn plots. Large sites (triangles) shown are: A Peflasco
Blanco; B Pueblo Alto; C Pueblo Bonito; D Chetro Ketl; E Una Vida. Corn plots (solid
dots) are: 1-5 1977 plots; 6 Peflasco Blanco Plot; 7 Dune Side Plot; 8 Dune Toe Plot;
9 Werito's Rincon Plot; 10 residence area garden.
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Table 3.1 Chaco Canyon Corn Plot Locations
Corn
Plot Location Soil Wild Vegetation Hills
1977 PLOTS
Plot 1 Canyon bench between Sand--possibly humanly Atriplex, Sporobolus, 2
Pueblo Bonito and deposited behind Anasazi Oryzopsis (Hilaria,
Pueblo Alto retaining wall Bouteloua, Artemesia)
Plot 2 Chetro Ketl field “"Black Alkali"--sand and sparse and small: 8
clay Sarcobatus, Atriplex,
Sporobolus
Plot 3 Marcia's Rincon Sand and clay—-alluvium Atriplex, Salsola, 8
(large cliff-bordered below talus Oryzopsis, Sporobolus,
erosion feature) Rumex
Plot 4 Mesa Top N of Aeolian sand Hilaria, Bouteloua, 8
Pueblo Alto Atriplex, Erigonum
Plot 5 Chaco Wash near Alluvial clay and sand; Riparian, woody: Salix, 8
Visitor's Center alkaline Populus, Tamarix, (Chryso-—
thamnus, Sarcobatus,
| Agropyron)
1978 PLOTS
Dune Toe (8) Marcia's Rincon Dune sand, some alluvium Atriples, Artemesia, 16
Sarcobatus
Dune Side (7) Marcia's Rincon Dune sand, some alluvium Atriplex, Oryzopsis, 16
Sporobolus (Rumex, Mentzelia)
Penasco Canyon floor, north Sand, some clayey alluvium Sarcobatus, Atriplex, 16
Blanco (6) side Oryzopsis, Sporobolus
1979 PLOTS
Pefasco (above) 32
Blanco (6)
Werito's north-facing Dune sand, very sandy Atriplex, Descurainia 28
Rincon (9) alluvium Cryptantha, Bromus

(Oryzopsis, Sporobolus)
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Plot 3, 1977. Corn and beans were planted in Marcia's Rincon across
the Chaco Wash from the site of Una Vida. The plot was located adjacent
to several small sites excavated by the Chaco Project; occupation of the
rincon spans that of the canyon in general (Basketmaker III through Pueblo
II1). The soil type was the sandy alluvium below the talus, a type common
on the south side drainages to the Chaco.

Plot 4, 1977. This plot was located in the mildly alluviated bottom
of a shallow drainage on the sandy mesa top north of old Pueblo Alto; in
addition to corn, this plot contained two bean plants that grew mature
pods.

Plot 5, 1977. This field was placed in the main Chaco Wash arroyo
between the Visitor Center and Marcia's Rincon, below the bridge across
the wash. Located above the main streamcourse on a low alluvial terrace,
this plot was an attempt to utilize the more available ground water of the
wash.

While many soil-related questions remained relevant, the focus of the
1978 plantings was a comparison of the potential of dune farming on the
south side of the canyon with that of irrigation farming on the north
side. Plot sizes were increased and the number of plots was reduced to
three. Two plots were placed in Marcia's Rincon, but this time to the
north of the excavated sites on a large dune stabilized by vegetation.
Both plots were placed near the bottom of the dune on the premise that
precipitation falling on the highly permeable dune quickly infiltrates to
subsurface sediments where it is not susceptible to evaporation (Hack
1942:25, 32). Percolation of ground water through the dune may bring
about a significant concentration of subsurface moisture near the toe of
the dune, especially if wunderlying finer—-grained sediments impede
continued downward movement of the ground water.

Dune Side (Plot 7), 1978. Placement of the Dune Side plot was such
that it could potentially benefit from runoff in a major rincon drainage
as well as from the dune moisture (Figure 3.2a). Wild vegetation here was
smaller than at the Dune Toe, but abundant Rumex at the time of planting
was taken to indicate good soil moisture. This plot was placed farther up
the side of the dune and had a more southerly exposure than the Dune Toe
Plot.

Dune Toe (Plot 8), 1978. 1In hopes of reducing insolation and evapo-
ration and thus increasing moisture retention, this plot was placed with
an eastern exposure (Figure 3.2b). The Dune Toe plot was located on the
margin between the pure sand of the dune and the alluvium of the rincon
floor. :

Pefiasco Blanco (Plot 6), 1978 and 1979. As part of his research on.
water control systems in the late sixties and early seventies, Gwinn
Vivian excavated a portion of a canal system on the canyon floor across
the canyon from the large site of PeHasco Blanco. A 2 x 4 m "multiple
headgate” is proposed to have held and distributed water from a canal into
a bordered garden area (Figure 3.3a) (Lagasse et al. 1984:188, 192-202;
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Figure 3.2a Dune Side plot (#7) showing southerly exposure and
placement on the dune's side (looking NW)

Figure 3.2 Marcia's Rincon dune on which plots 7 and 8 were located
in 1978
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Figure 3.2 b Dune Toe plot (#8) location showing adjacent canyon
floor and heavier vegetation (looking NE)
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a. Prehistoric headgate with adapted modern supply ditch
to the corn plot (looking southwest)

b. Corn plot in 1979; headgate to right; note bedrock
exposure to right (looking west); see also cover photo

Figure 3.3 Penasco Blanco Plot
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Vivian 1974:104-108). The feature was re-excavated in order to use the
gate as a collecting and holding tank. A prehistoric gate opened toward
our corn plot, placed just downslope (Figure 3.3b). A collecting ditch
was extended from an original inlet gate for about 30 m to the west below
the nearby low slickrock cliff (see cover, Figure 3.3). While this ditch
clearly did not replace the proposed prehistoric feeder canal, the scale
of our efforts was considerably smaller than the original system. Even—
tually this adaptation of the prehistoric set-up did capture and distri-
bute some water. Gwinn Vivian suggests that considerable alluviation has
raised the level of the canyon floor relative to the headgate, one of the
few gates that remains at usable level; however, sufficient slope remains
to distribute water to the plot area. This plot was used in successive
years, but was expanded from 16 to 32 hills in the second year (1979).

Werito's Rincon (Plot 9), 1979. This plot was an attempt to further
improve a dune farming location. A spot with full northern exposure was
chosen at the base of a large dune and near the small inner channel of a
substantial side drainage (Figure 3.4). Half of the hills were on the
dune slope and the other half on the flatter drainage bottom. Within 100
m of the plot there are a hogan site and a possible Navajo check dam.

Procedures
Plot Preparation

In all three years each plot was fenced with chicken wire (1 in
mesh). The fence at Werito's Rincon was augumented in some areas with
finer mesh due to the high level of rodent activity experienced in dune
plots in preceding years. The bottom of the fencing was buried and
weighted with dirt, rocks, and timbers. Each plot was cleared of wild
vegetation (see Table 3.1). 1In 1978 the subsurface remains of a large
Sarcobatus seemed to have inhibited crop growth in one portion of the Dune
Toe plot. In 1979 vegetation was cleared more thoroughly, and an addi-
tional area (0.5-0.75 m wide) was stripped beyond the fence on all sides.

Planting

In 1977 four plots were planted in mid to late May (Table 3.2). 1In
1978 and 1979 planting was done in two stages, the first in mid-April, and
the second in mid-May; this schedule roughly corresponds with Hopi plant-
ing times (Hack 1942:21; Titiev 1938). The hills were spaced 1 to 1.5 m
apart each year, except at Werito's Rincon where the hills were 2 m apart.
The 1977 plots each contained 8 hills, the 1978 plots 16 hills, and the
1979 plots 28 (Werito's Rincon) and 32 (Pefasco Blanco) hills. 1In the
dunes each hill consisted of a sump 10-15 cm deep with seven or eight ker-
nels of corn placed 20-25 cm deep. In the Pefasco Blanco plot the corn
was again planted in multiple seed "hills,” but shallow ditching was put
in place to deliver irrigation water. 1In 1977 and 1979 only Hopi blue
corn was planted; in 1978 each of the three plots contained a different
Hopi variety (see Table 3.3).
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Figure 3.4 Werito's Rincon Plot, showing location at the base of a
large stabilized dune, next to drainage bottom; not the
hogan in the foreground (looking south)




Table 3.2

GERMINATION SUCCESS*
(no. sprouted/no. planted)
Watered at planting
(no. of seeds)
Watered from 6/20/77
(no. of seeds)
whole plot - no. of seeds

Watered at planting

(no. of hills)

Watered from 6/20/77

(no. of hills)

Whole plot — no. of hills

VIABLE PERIOD
Range (of sprouted hills)

Watered at planting
Watered from 6/20/77
Whole plot

MEAN PLANT HEIGHT (cm)
Watered at planting
Watered from 6/20/77
Whole plot

MEAN MAX. SIZE (by hill, in cm)
Watered at planting
Watered from 6/20/77
Whole plot

1977 Chaco Canyon Experimental Corn Plots, all

Planted with Hopi Blue Corn

RANGE IN MAX. SIZE (by hill, in cm)

Watered at planting
Watered from 6/20/77

PLOT #2 PLOT #3 PLOT #4
(Chetro Ketl (Marcia's (Pueblo
field) Rincon) Alto)
21/32 = 65.6% 23/32 = 71.97% 21/32 = 65.6%
8/32 = 25.0% 0/32 ()4 9/32 = 28.1%
29/64 = 45.3% 23/64 = 35.9% 30/64 = 46.97%
44 = 100% 4/4 = 100% 4f4 = 100%
3/4 = 75% - - 4/4 = 100%
7/8 = 87.5% 4/8 = 50% 8/8 = 100%
31 - 113 days 18 - 30 days 22 - 109 days
n X s.d. n X s.d. n X s.d.
4 85 38.19 4 25 6.98 4 93.2 3.15
3 70 24.25 0 - - 4 53 35.79
7 78.6 31.46 4 25 6.98 8 73.1 37.91
7 29.8 3.58 8 36.2 12.79
8 26.2 3.37 5 39.4 11.71
15 27.9 3.82 Not measured - 13 37.1 11.98
field burned up
2 34 4.24 3 47.1 13.31
3 29.6 3.05 2 48.5 10.60
5 30.6 4.34 5 48.0 10.81
26 - 37 23 - 63
23 - 33 23 - 56

PLOT #5
(Chaco
Wash)

16/32 = 50.0%

9/32 = 28.1%

25/64 = 39.1%
414 = 100%
414 = 100%
8/8 = 100%

26 - 43 days

n X Sede.
4 41.5 1.73
4 25 1.54
8 33.2 8.92

Not Measured -

field flooded

*pPlot #1 -
none sprouted
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Table 3.3

GERMINATION SUCCESS

(no. sprouted/no. planted)
l1st planting - no. seeds
2nd planting - no. seeds
whole plot - no. seeds

1st planting - no. hills
2nd planting — no. hills
whole plot - no. hills

LONGEVITY

Range (of sprouted hills)

1st planting
2nd planting
whole plot

1978 Chaco Canyon Experimental Corn Plots

MEAN MAXIMUM SIZE (by hill, in cm)

lst planting
2nd planting
whole plot

RANGE IN MAXIMUM SIZE (by hill, in cm)

lst planting
2nd planting

Cherry Flour Hopi Blue Kokoma
(Peniasco Blanco (Dune Toe) (Dune Side)
31/56 = 55.4% 29/64 = 45.3% 25/56 = 44.6%
24/56 = 42.8% 18/61 = 29.5% 32/56 = 57.1%
55/112 = 49.1% 47/125 = 37.6% 57/112 = 50.9%
8/8 = 100% 6/8 = 75.0% 7/8 = 87.5%
7/8 = 87.5% 4/8 = 50/0% 7/8 = 87.5%
15/16 = 93.8% 10/16 = 62.5% 14/16 = 87 .5%
31 - 129 days 41 - 66 days 1 - 75 days
n % S.d. n X s.d. n X s.d.
8 68 .4 25.78 6 55.8 9.02 7 27.0 28.32
7 45.4 10.29 4 50.2 6.45 7 30.3 26.25
15 57.7 22.76 10 53.6 8.21 14 28.6 26.29
8 31.2 11.13 6 26.7 5.03 7 13.6 8.41
7 22.2 4,10 4 21.6 3.17 7 14.5 10.93
15 27.0 9.52 10 24 .6 4,92 14 14.0 9.38
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Watering

Each plot was to have both watered and unwatered hills. In the first
two years this plan was followed at first but later abandoned when it be-
came clear that the choice was between watering and complete loss; water-
ing of all surviving plants was begun on June 20, 1977, and July 9, 1978.
The dosage was approximately one liter per hill per watering, though this
was increased in later 1978. Plots were watered 8 to 12 times per month
in 1977 and 6 to 7 times per month in 1978. Watering procedures were
altered somewhat in 1979, based on the observations that the quantities
provided in the preceding years were apparently insufficient to make a
difference in success. The preferred water dosage in 1979 was two liters
per hill, and that amount was delivered in the absence of significant
precipitation. Due to the necessity of carrying water some distance to
the plots, in some instances it was only possible to use one liter.

Except for one row (4 hills) at Penasco Blanco, each hill received a
2-liter watering at the time of planting in 1979. Thereafter two rows
were watered twice a week throughout. Two rows were watered on weekends
for May and June, and two rows were watered on weekends until the summer
rains began in early August; in the ensuing discussion these hills are
treated together as having been watered once a week. While the 1978 plots
are thus evenly divided between watered and unwatered hills, the 1979
plots contained 4 (Werito's Rincon) and 8 (Penasco Blanco) unwatered
hills, 16 hills watered once a week, and 8 hills watered twice a week.

Weeding

Weeds were removed occasionally in 1977 and 1978, and more rigorously
in 1979. The historically introduced Salsola kali was the most aggressive
weed, but natives also appeared. When the Pefasco Blanco plot was re-
cleared in spring, 1979, densities of Descurainia and Cryptantha were two
to three times the densities of those taxa in undisturbed areas outside
the plot. The presence of other plants in the 1977 and 1978 plots proba-
bly reduced the amount of moisture available to the corn (Hack 1942:33;
Litzinger 1976), but it is unlikely that the difference in weeding in 1979
explains the greatly increased yields.

Thinning

Only in 1979 was thinning a necessity (and a difficult task it was
after 1977 and 1978). Hills were thinned to a maximum of five plants at
Penasco Blanco beginning on June 1l4. Attempts to transplant thinned
plants to empty hills failed. Less thinning was necessary at Werito's
Rincon, but, due to greater plant size, hills were reduced to a maximum of
four plants per hill on June 22 and on July 14 to a maximum of three
plants per hill. ‘

Recording

Detail and intensity of recording also increased in successive years.
The l977/size data were gathered from dried specimens. 1In 1978 and 1979
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measurements were taken in the field from live plants, with the exception
of the cob data that were collected from dried materials. The 1978 and
1979 measurements were made by extending the longest leaf of the largest
plant in each hill and measuring to ground level. Hills that either never
germinated or dried out were not included in the means given in Figures
3.5-3.9. 1In addition to size data, temperature ranges and precipitation
at the plots themselves were collected in 1979 (rainfall in Chaco is no-
toriously localized, see below and Table 3.9). Fluctuations in the num-
bers of plants seen in Figures 3.10-3.14 are attributable to several
causes: resprouting of gnawed or thinned plants, perhaps late germina-
tions, and the fact that judgments as to whether or not a plant was alive
were required and were not always the same.

Results
Germination

Tables 3.2-3.4 show the percentages of seeds successfully germinating
in the various plots. Only the very small planting at Plot 1 failed to
show any germination at all. 1In the other plots the seed germination for
whole plots (or perhaps more correctly those sprouting above ground level)
runs from 35 to 50%, though the percentage of hills in all plots is consi-
derably higher, usually above 80%. Watering at planting time can be seen
to improve the germination rate in the 1977 and 1978 plots (Tables 3.2~
3.3); nearly all were watered at planting in 1979. Given the ultimate
success of the Werito's Rincon plot, the seed germination percentages
(Table 3.4) are low; all are less than the 1979 Peflasco Blanco figures.
Both 1979 plots show improved germination rates for the second planting,
which is probably attributable to the cumulative effects of the very wet
May of that year (Figure 3.20). Better germination performance of the
early planting in two of the three 1978 fields can likely be linked to
that year's relatively wet winter. The germination rates of all years
attest to the hardiness of Hopi corn and its ability to sprout under a
wide variety of situations. It is noteworthy that the germination by hill
is as good as it is, since this implies that given adequate growing condi-
tions plants will be well distributed around a plot. Each of the three
years experienced temperatures of well below freezing in mid to late May,
including 17°F (-80 C) on May 29, 1977. The late planting in 1977 was
thus fortuitous, though we recorded no damage to sprouted plants in 1978
when 24°F (-40 C) was reached on May 17 by which time a few sprouts had
appeared. ,

Longevity

Plant survival varied most significantly among the plots in the 1977
experiments. While the rincon plot (# 3) experienced good germination,
the plants rapidly succumbed to the sun, even though small sun shelters
were erected. The plot in the wash (# 5) survived until July, at which
time an inundation of silt from the wash suffocated the plants. The mesa
top wash site (# 4) performed the best of any plots in 1977 and 1978, with
plants up to 63 cm in height, and tasseling on 3 of 13 plants. The rela-
tive success of this plot is of interest because of its proximity to
Pueblo Alto. It is generally assumed that water availability on the open
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PENASCO BLANCO WATERED
1978 NUMBER

PENASCO BLANCO UNWATERED
1978 NUMBER

1 T T
21 3 17 30 27-1 11 27
28-1I| 18-1 24-1 8 20 5 20 5  18-1
MAY JUNE JUuLY AUGUST I SEPTEMBER
1ST PLANTING DATE

""""" 2ND PLANTING

Percentage of sprouted plants alive at approximate 1 week
intervals at the Peflasco Blanco Plot in 1978. Percentages
are based on the following numbers of sprouts: A Watered
first planting: 22; watered second: 6. B unwatered first:
15; unwatered second: 12.
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............ 2ND PLANTING

, Figure 3.6 Percentage of sprouted plants alive at approximate 1 week
intervals at the Dune Side Plot, 1978. Percentages are
based on the following numbers of sprouts: A watered first ‘
planting: 9; watered second: 1ll. B unwatered first: 10;
unwatered second: 21.
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DUNE TOE WATERED
. NUMBER
I T A O
DUNE TOE UNWATERED
| NUMBER
L A T N O I A A
19 3 19 S 16 i 15 29 13 27
25 11-1 26 11-1 24 8 22 6 20
MAY JUNE JULY AUGUST SEPTEMBER
1ST PLANTING DATE

---------- 2ND PLANTING

Percentages of sprouted plants alive at approximate 1 week
intervals at the Dune Toe Plot, 1978. Percentages are based
on the following numbers of sprouts: A watered first
planting: 20; watered second: 8. B unwatered first and
second: 10.
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Figure 3.8
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--------- 2ND PLANTING DATE

Percentages of sprouted plants alive at approximate 1 week
intervals at the Peflasco Blanco Plot, 1979; thinning is

indicated by a "T" followed by the number of plants removed.

Percentages are based on the following numbers of sprouts:

A watered twice weekly first planting: 19; second planting: 23.
B watered once weekly first planting: 31; second planting: 28.
C unwatered first planting: 14; unwatered second planting: 2.
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Percentages of sprouted plants alive at approximate 1 week
intervals at the Werito's Rincon Plot, 1979; thinning is
indicated by a "I'" followed by the number of plants removed.
Percentages are based on the following numbers of sprouts:

A watered twice weekly first planting: 1l; second planting: 14.
B watered once weekly first planting: 13; second planting: 18.
C unwatered first planting: 2; second planting: 7.
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------------ 2ND PLANTING
Figure 3.10 Plant size in the Peflasco Blanco Plot 1978, based on the ‘
means of the largest plant in each surviving hill, by

watering and planting; a watered, b unwatered.
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Figure 3.11 Plant size in the Dune Side Plot 1978, based on the means
of the largest plant in each surviving hill, by watering
and planting; a watered, b unwatered.
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Figure 3.12 Plant size in the Dune Toe Plot 1978, based on the means of
the largest plant in each surviving hill, by watering and

planting; a watered, b unwatered.
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Plant size in the Peflasco Blanco Plot 1979, based on the
means of the largest plant in each surviving hill, by
watering and planting; a watered twice weekly, b watered
once weekly, ¢ not watered.
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Figure 3.14 Plant size in the Werito's Rincon Plot 1979, based on the
means of the largest plant in each surviving hill, by
a watered twice weekly, b watered

watering and planting;

once weekly, ¢ not watered.



Table 3.4 1979 Chaco Canyon Experimental Corn Plot Germination Viability and Plant Size

Werito's Rincon Penasco Blanco
GERMINATION SUCCESS
(n sprouted/n planted) n % n 4
lst planting--seeds 26/112 23.2 62/128 48.4
2nd planting--seeds 39/112 34.8 69/128 53.9
maximum water——seeds 25/64 29.0 42/64 65.6
whole plot-—-seeds 65/224 29.0 131/256 51.2
1st planting--hills 13/14 92.9 = 15/16 100.0
2nd planting--hills 13/14 92.9 15/16 93.8
maximum water--hills 8/8 100.0 8/8 100.0
whole plot--hills 26/28 92.9 -~ 31/32 96.9
LONGEVITY PERIOD OF HILLS (DAYS)* .
n "X se.d. range  C.V. n b 4 s.d." range C.v.
lst planting 13 123.7 43.1 11-137 34.8 16 123 .4 29.5 60-138 23.9
2nd planting : 13 125.7 2.4 119-126 1.9 15 113.2 33.8 35-130 29.9
maximum water ' 8 131.1 5.6 126~139 4.3 8 133.3 4.1 128-138 3.1
whole plot ' 26 124.7 23.7 11-139 19.0 31 118.5 31.5 35-138 26.6
Shortest hill removed - 25 129.2 5.0 126-137 3.9 30 121.2 27.9 - 50-138 23.0

MEAN MAXIMUM PLANT SIZE BY HILL

lst planting 13 118.2 36.4 12-150 30.8 16 87.1 34.1 22-140 39.2
2nd planting 13 127.3 9.1 115-151 7.1 15 77 .9 36.0 20-124 46.2
maximum water 8 131.9 9.5 123-150 7.2 8 97.8 17.0 74-124 17 .4
whole plot 26 122.8 26 .4 12-151 21.5 31 82.6 34.8 20-124 42,1
Smallest hill removed 25 127.2 13.9 87-151 10.9 29 87.0 31.5 22-124 36.3

*plants alive when collected were all counted to 10/1 (collected 9/24-10/1)
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expanses around Pueblo Alto would have precluded agriculture there, but
this result in a low moisture year shows that the area may have some po~
tential. Location of the plot in a small drainage presumably provided
somewhat more moisture than was available in the general vicinity. The
Chetro Ketl Field location (# 2) was second best in 1977 in terms of both
longevity and plant size; one plant formed a small tassel there. )

Figures 3.10-3.14 show the percentages of plants alive at given
points through the 1978 and 1979 seasons, and Figures 3.5-3.9 show the
mean maximum sizes of the plants at the same intervals., The lines in
Figures 3.10-3.14 express the survivorship in each plot in terms of the
maximum number of plants that germinated in a particular watering regime
and planting. Thus, if 20 plants sprouted from the first planting in the
watered portion of a plot, and 15 were alive on June. 10, the entry for
June 10 was 75%; percentages on the same graph for a different planting
will be calculated from a different number of sprouts. Decreases caused
by thinning in 1979 are marked by "T" followed by the number of plants re-—
moved. The observation dates are not perfectly spaced, but they approxi-
mate one week intervals. Where possible actual observation dates are
used, although, interpolations (marked by I on the x—-axis) have been made
where intervals of greater than nine days are present; none are of fewer
than five days. The value for a given date (Figures 3.5-3.9) is the mean
of the maximum height from each hill conforming to a watering-planting
set. Note that the y-axis scales for 1978 and 1979 are very different
(maxima of 50 cm as opposed to 150 cm); all of the graphs from a given
year are similarly calculated. The surges in size in the late July (1979)
Peflasco Blanco unwatered plants result from the loss of struggling hills,
leaving only larger hills.

The two dune plots of 1978 performed differently, with less growth in
the more exposed Dune Side Plot, though two plants survived longer there.
As can be seen in Figures 3.12-3.13, most of the plants had expired by
about the first of August. Of the 1978 plantings, the Peflasco Blanco plot
(# 6) had the longest viability, the largest plants, and the best germina-
tion. This was apparently due to fewer rodent and insect pests than in
the dune plots, and to better soill moisture. The more favorable moisture
conditions are probably attributable to the greater clay content of the
soil, since the irrigation system never collected enough water to run dur—
ing the 1978 growing season. The long survival of the Penasco Blanco plot
was just that: one small plant lived a great deal longer than any of the
dune plants and its companions at Penasco Blanco. This plant, incidently,

was in the hill closest to a sprig of evergreen from the Hotevilla Niman
' ceremony. No tassels formed in 1978; no ears formed in either 1977 or
1978..

While germination rates were very similar in all three years, both
survival and size in 1979 were of a completely different order. Plants in
both plots survived the entire season, reached full size, tasseled, and
bore ears. There was, nonetheless, a substantial difference between the
two plots, with health, size, and productivity greater in the dune plot at
Werito's Rincon. Plant number and size statistics document this diver-
gence in plot performance (Table 3.4, Figures 3.13-3.14), but there is a
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definite qualitative difference in appearance as well. This is of some
interest, because the Penasco Blanco plants presumably received more mois-
ture than those at Werito's Rincon since the ditch system provided water
on at least three well-spaced dates (May 27, July 1, and August 16).
While there are small differences in the results by planting, the two
plantings show remarkable convergence and similarity at both plots. Arti-
ficial watering was not a critical variable; those hills that were unwa-
tered were more likely to perish, and those that received the maximum
water were more consistent and slightly larger.

Crops

Though plant sizes and longevity indicate a difference between the
two 1979 plots, the critical test is of course production, and the differ-
ence between plots is very marked. The data we have on production are not
as complete as they might have been due to severe predation, presumably
birds, rodents, and even deer. The problem is much more pronounced at
Pehasco Blanco, where a single major assault on September 20 removed many
cobs from their plants and severely damaged plants. Kernel loss to ani-
mals at Werito's Rincon was also considerable, but less information was
jeoparized. Fortunately field counts of cobs on plants had been taken
September 8 and could be compared to counts from the lab (Table 3.5).
This tabulation shows that nearly all of the ears observed in the field on
September 8 at Werito's Rincon are accounted for in the measurements.
Because of the depredations at Peflasco Blanco and the high frequency of
small and/or immature cobs, the lab representation of cobs is less com
plete. The most depleted is the watered once weekly group, around which
the unprovenienced cobs were found. At the risk of some misplacements,
the unprovenienced cobs from Penasco Blanco are included with those from
the hills watered once weekly.

Not only is the number of cobs from Werito's Rincon more than twice
that from Penasco Blanco (and the former had four fewer original hills),
the mean cob size is nearly twice that of Penasco Blanco's as well.
Pollination was far better, so that usable production would have been far
greater at Werito's Rincon (see Table 3.7, Figures 3.15-3.16). Cob size
at Penasco Blanco may be seen to be smaller and more variable than at
Werito's Rincon; although some cobs reached lengths within the latter's
range, nearly all at the lower end, and many fall below it (there are only
two Penasco Blanco cobs more than 150 mm long). The production at Pefasco
Blanco would probably be very low regardless of increased protection or
increased acreage, unless increased acreage vastly increased pollination.
Even if every ear from Penasco Blanco were full, the per—acre yield there
would have been far less than at Werito's Rincon in 1979.

Another gauge of relative productivity of the two plots may be seen
in Table 3.6. Noting that the Peflasco Blanco and Werito's Rincon ears are
not qualitatively equivalent units, the ratios of ears per plant and per
hill are consistently higher at Werito's Rincon, especially when whole
plots are considered. All surviving hills at Werito's Rincon contained
plants that formed ears, while plants in only 15 of 24 surviving hills at
Pehasco Blanco formed ears. A larger number of plants were still alive at
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Table 3.5 Comparison of Field and Lab Counts of Ears from 1979 Plots

Field Counts ’ Lab Counts
lst plant. 2nd plant. lst plant. 2nd plant
Werito's Rincon
no water 1 5 1 2
water once a week 20 21 19 - 22
water twice a week 14 11 11 9
Totals .35 37 31 33
72 64
Penasco Blanco
no water 0 0 0 0
water once a week 13 3 0 2%
water twice a week 7 10 7* 3
Totals 20 13 7 5
unknown . 11
33 ’ 23

*Each includes one immature cob not entered in the measurements in Tables
3.7 and 3.8



Table 3.6 Ratios of Ears to Plants and Hills using September 8, 1979, Field Counts

Hills Ears Ratios-—Ears to:
Original Surviving n of Plants n All Hills Live Hills Plants
Weritos Rincon
no water 4 3 7 6 1.50 2.00 .86
watered once/week 16 14 23 41 2.56 2.93 1.78
watered twice/week 8 8 19 25 3.13 3.13 1.32
Total 28 25 49 72 2.57 2.88 1.47
Penasco Blanco
Bearing hills only
watered once weekly 16 7 17 16 1.00 2.29 .94
watered twice weekly 8 8 29 17 2.13 2.13 «59
All hills
no water 8 2 _ 8 0 0 0 .0
watered once weekly 16 14 38 16 1.00 1.14 42
watered twice weekly 8 8 29 17 2.13 2.13 .59
Total 32 24 75 33 1.03 1.38 44
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Table 3.7

VARIABLE/conditions

COB LENGTH

Whole
lst
-2nd

plot
planting
planting

no water
1 watering/week
2 waterings/week

lst
2nd
lst
2nd
lst
2nd

planting no watering
planting no watering

planting
planting
planting
planting

NUMBER OF ROWS

Whole
lst
2nd

plot
planting
planting

no water
1 watering/week
2 waterings/week

lst
2nd
lst
2nd
lst
2nd

planting
planting
planting
planting
planting
planting

1

1
2
2

watering
watering
waterings
waterings

no watering
no watering

1
1
2
2

watering
watering
waterings
waterings

64
31
33

41
20

19
22
11

64
31
33

41
20

19
22
11

1979 Chaco Canyon Experimental Corn Plot Cob Data

Werito's Rincon

s.d.

43.4
31.4

42.2
45.2
31.2
30.8

range

81-292
107-265
81-292

182-195
81-292
160-262

182-195
107-265

81-292
260-261
167-262

8-22
10-18
8-22

12-15
8-22
12-18

12
10-16
8-22
12-18
12-16

C.V.

13.3
22.0
14.4
10.1

20
16

—
N O

et
WU =00

14

—
OO

w L= 0O Oo

b
Penasco Blanco

X

103.5
99.6
119.2

108.8
95.6

12.0
14

12.8
12.7

s.d.

45.5

44 .4

36.9

—
*
N SN

—
L ] L]
w00

1.7

range

32-211
32-164
57-211

32-211
49-142

32-164
49-142
57-114

10-14
10-14
12-14

10-14
10-14

10-14

10-14
12-14
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Table 3.7 continued

VARIABLE/conditions

MID COB DIAMETER
Whole plot
lst planting
2nd planting

no water
1 watering/week
2 waterings/week

lst planting no watering
2nd planting no watering
1st planting 1 watering
2nd planting 1 watering
lst planting 2 waterings
.2nd planting 2 waterings

MAXIMUM BASAL DIAMETER
Whole plot

No water

1 watering/week

2 waterings/week

MAXIMUM SHANK DIAMETER
Whole plot

No water

1 watering/week

2 waterings/week

64
31
33

41
20

19
22

11

64

41

20

60

38
20

Werito's Rincon

N s~ W e
[o - } W~ O

NN S
L]
O W oo

range

13-34
13-29
13-34

20-21
13-34
17-28

20-21
13-29
13-34
17-28
17-26

11-35
15-34
11-35
12-32

11-35
15-35
13-35
11-32

C.V.

19.8
23.1
13.2
12.7

26.5

NSO -

Pefiasco Blanco

X

14.6
15.2
11.8

15.2

21

15.3
8.7

s.d.

3.5

1.9

range

6-21
10-20
6-21

10-21
6-17

10-20

13-17

6-13

22.8

12.1
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Table 3.7 continued

VARTABLE/conditions

KERNEL WIDTH

Whole plot
No water
1 watering/week
2 waterings/week

KERNEL THICKNESS
Whole plot
No water
1 watering/week
2 waterings/week

KERNEL WIDTH/THICKNESS RATIO

Whole plot
No water
1 watering/week
2 waterings/week

60

37

20

60

37

20

60

37
20

Werito's Rincon

s.d.

o7

o7
o7

—
L]
N W

.3

.3.

.3

Penasco Blanco

-NO W = NO W

N O W

X s.d. range C.V.
7.7 7-9

8.0 7-9

7

6.3 6_7

6.0 6

7

102 1—105

1.3 102_105

1
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Figure 3.15
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Werito's Rincon cobs from 1979, arranged in hill groups;
unwatered hills first row on the left, twice weekly watered
hills right two rows; middle four rows watered once weekly
(1 m stick for scale).

Figure 3.16

Peflasco Blanco cobs from 1979, also arranged by hill order;
two groups on left watered twice weekly; remainder watered
once weekly (group at right of unknown hill provenience).
Photo contains a 1 m stick.
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Peflasco Blanco in early September, but they looked much worse and bore
much less than those at Werito's Rincon. Both size and productivity indi-
cate considerably greater stress at Peflasco Blanco, and show a greater im—
portance of artificial water there.

The more fully developed ears from Werito's Rincon were more vari-
able, for example, in kernel color, which ranges from a deep blue black to
gray blue with some white marbling (Figure 3.17a); one ear has purple ker-
nels and indurated glumes (Figure 3.17a, far right), suggesting some
crossing in the previous generation or perhaps an errant Cherry Flour ker-
nel in the seed. Row number is also quite variable. Robins and Domingo
(1953) have correlated such variability with moisture stress; there is
some suggestion of that here. Thus, the means from the maximum watering
hills are greater and the modal value is 14 rows (n=9 of 20), while the
mode for the single watering group is 12 rows (n=21 of 41). Still, the
ear with the most rows was from a hill watered once a week and there is
not a great difference between the two watering regimes. Even at the more
successful Werito's Rincon plot, incomplete pollination was a problem
(Figure 3.17b, Table 3.8). Only about a fourth of the ears collected were
fully pollinated, with a somewhat higher percentage of complete
pollination in the hills watered twice a week.

Position in the Werito's Rincon plot seems to influence the results.
Dividing the plot into east and west halves, which places all the maximum
watering regime on the west, shows a fairly even split both in numbers of
cobs (30 east, 34 west) and percentages of completely pollinated cobs (20%
east, 29% west). A more noteworthy difference may be seen in an upslope-
downslope (south-north) division, which equally distributes watering
regimes. The numbers of cobs are again evenly split, 31 and 33 respec-
tively; complete pollination, however, only occurred in 10% (3) of the up-
slope cobs, while the downslope groups shows 397 (13). (The cobs are ar-
ranged in hill order in Figure 3.15). It is likely that moisture is
greater lower in this plot, due to the presence of both the dune and the
drainage. Air movement may also contribute to pollination, but the east-
west split suggests otherwise. The upslope-downslope division is also
visible in the measurements--mean cob length, mid cob diameter, and row
numbers of the lower plants are greater in all watering regimes and for
entire halves: :

Cob Length Mid Cob Row Number

Upslope means 183.5 21.9 13.5
Downslope means 205.3 20.9 12.6

The extremely poor pollination in the Pehasco Blanco cobs (Figure
3.16) probably reflects moisture availablity as well. The hills receiving
maximum water produced at the rate of 2.13 ears per hill (per total number
of hills in the regime), while hills being watered once a week yielded
ears only at the rate of 1.14 per hill (Table 3.6). The first planting
produced 17 ears (20 field count) to 4 (13 field count) for the second,
indicating a much greater difference in "success” by planting time than
was present at Werito's Rincon.
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Variability in ear size, shape, and color; 5 on left
watered once weekly, 3 on right watered twice. Cob at
far right has indurated glumes and purple kernels, the
remainder have variations of blue kernels. From left
1, 2, 4, 5 from lower half, others from upper.

- -Jl\ntl
llu

Pollination variability; 3 cobs on left watered once
weekly, lower half hill; fourth from once weekly lower
hill; two on right from the same watered twice weekly
upper half hill.

Figure 3.17 Werito's Rincon cobs.



Table 3.8

VARIABLE/states

CURVED COBS
Curved
Not curved

ROW ARRANGEMENT

" Straight
Spiral
Irregular

UNDEVELOPED ROWS
Present
Absent

POLLINATION

Incomplete <10 kern.
Incomplete 10-25 k.

Incomplete 25+ kern.
Complete pollination

1979 Chaco Experimental Corn Non—metric Data

None

0
3

— O N

-NO O

Werito's Rincon

Watering/week
Once

15
26

26
3
12

17
24

BIRD AND RODENT DAMAGE (Whole plots)

None
Some
Severe

12
12
40

Twice

Penasco Blanco

Watering/week
Once Twice
3 3
9 6
4 5
0 0
8 4
10 9
2 0
4 6
3 1
5 2
0 0
1
2
17
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Position within the Penmasco Blanco plot can also be seen to be
important. All 8 hills in the rows watered twice weekly formed at least
some ears. In contrast, 7 of the 16 hills watered once a week formed
cobs, including the largest and only really complete specimen from this
plot. All of the ear-bearing, watered-once-weekly hills were located
around the inlet from the irrigation feature. The system delivered water
at least three occasions, and there is little doubt that especially with
less precipitation the hills nearest the delivery point would receive more
moisture than the rest of the plot. The two unwatered rows were probably
at an added disadvantage by being located at the edges of the plot.

Given sample size, projection of production from the Werito's Rincon
data must be considered tentative. The animals left very few cobs with
all their kernels; a sample of seven with all kernels (4) or more than
half (3, excluding the largest cob which gives an overly large projected
kernel weight) give a range of 36.2 to 146.8 g of kernels per ear. The
mean length of the sample is 222 mm, 27 mm longer than the plot's mean, so
the projected figure is likely to be somewhat above the actual one. The
mean kernel weight per cob comes to 95 g (s.d.=42). Given 64 harvested
cobs and good protection, then, the production of this plot as it grew in
1979 would have been slightly over 6 kg from this 0.034 ha plot, but this
value should be reduced by around 20%Z due to pollination problems (see
Table 3.8), or about 145 kg of shelled corn per hectare.

Comparisons
Soils

Given the actual production obtained in three years it is difficult
to compare soils in terms of fertility. Some observations about soils
may, however, be made (Cully et al. [1982:127-133] for much more detailed
discussion of soils in the area).

1) Corn will grow on the floor of the main canyon, even in fine-
grained, sodium rich "black alkali" 1locations such as the Chetro Ketl
Fields. 1In the more severe years of 1977 and 1978, plants in both of the
canyon floor locations where we had. plots did quite well relative to
plants in other locations the same season, though their success was one
more of survival than anything else. It is thought likely that winter
moisture may be better retained in these soils because of their higher
clay content. Any conclusion about the productivity of these soils must
be withheld, however. Even in more favorable 1979, larger plants at
Peffasco Blanco produced very poorly relative to the dune plot at Werito's
Rincon. The inferior performance of plants at Pefasco Blanco in 1979 may
have been due to a soil problem, but it may also have been a moisture
problem. Superficially, it seems contradictory that plants did better at
Pefiasco Blanco than elsewhere in drier 1978, possibly because of better
soil moisture, and worse in wetter 1979, possibly because of moisture
stress. It is conceivable that the fine-grained sediment apparently
creates favorable moisture retention which promotes plant growth when
conditions are generally dry. At the same time, such soil makes moisture
extraction by roots more difficult because of reduced permeability and
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increased ionic attraction of water to the soil, which, in turn, induces
moisture stress more readily in adult plants.

2) South side locations--dunes in particular--are also capable of
supporting corn, as the Hopi demonstrate so much more graphically. 1In
1979, at least, the dune situation was much more favorable to healthy,
productive plants than the canyon floor. Apparently the least favorable
south side location was the open alluvial slopes below the talus (Plot 3,
1977).

Pests

On the whole the canyon bottom location seemed less prone to pest
damage than the dune locations. In the dunes, the nibbling of young
plants by animals was a significant cause of plant loss. Also noted as
active pests were ants (in 1979 modern chemical warfare was inflicted on
ant hills adjacent to the Werito's Rincon plot). The Pefasco Blanco
plot's relatively charmed existence ended when the surviving vestige of a
crop, was decimated by an unknown, large predator. The absence of corn
fields in Chaco for many past generations certainly did not preclude the
predators present from taking advantage of a new food source.

Moisture and Precipitation

While soils are undeniably important and in need of further study,
the factor that seems to be of paramount importance is that of effective
moisture. In examining the progress of the 1978 plots a basically similar
pattern may be observed (Figures 3.10-3.12): seeds sprouted quite well and
plants persisted through the end of June, followed by rapid attrition in
the first half of July. Generally, seeds planted in late April did better
than did seeds planted in mid-May, regardless of whether or not the plants
were watered, possibly as a result of the arrival of the last major mois-
ture event of the entire summer in early May (see Figure 3.19). The sali-
ent feature of the 1978 summer precipitation is its virtual absence-—note
that there were only 6 measureable precipitation events between May 22 and
August 13, with a mean of 0.04 in. (official measurements are taken at a
station near Una Vida). This is not extraordinary in June, but August and
very notably July were markedly subnormal months (Figure 3.21). The mois—
ture that arrived in August arrived after all but one of the plants were
dead.

The weather data collected at the 1979 plots support a suggestion as
to a possible cause of the poorer performance of the Pehasco Blanco plot
in that year and show the variability possible on a small scale (Table
3.9). The thermometers at these locations were shaded, but subject to
conditions in the plot. The maximum temperatures are a good deal higher
than those recorded at the official station. The north side canyon bottom
experiences greater high and low temperature extremes. Possibly the
greater variations and more intense exposure to the sun have a cumulative
negative effect. Note also that rainfall varies at the three stations,
suggesting that within-canyon meteorological variation could have contri-
buted to differences in crop production. That the Peflasco Blanco location
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Figure 3.21 Yearly precipitation for Chaco Canyon for 1977-1979, compared
to the 1941-1970 mean. Annual totals are Mean--8.76"; 1977--
7.35"; 1978--13.72"; 1979--11.11".
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Table

MONTH/
Plot

MAY
Werito's Rincon
Ranges
Means
Standard deviations
Penasco Blanco
Ranges
. Means
Standard deviations

JUNE
Werito's Rincon
Ranges

Means

Standard deviations
Penasco Blanco
Ranges

Means

Standard deviations

JULY
Werito's Rincon
Ranges

Means

Standard deviations
Pefiasco Blanco
Ranges

Means

Standard deviations

3.9 Temperature and Precipitation Readings at the Pefiasco Blanco

-and Werito's Rincon Plots, 1979

Temperature Precipitation
Read- Minimum Maximum Diurnal Events Amount Total Official
ings Range (inches) Data
6 39-54 81-92 28-52 5 .02-.90 1.74 1.84(8)
44,5 84.1 39.7 (1T) 435 230
6.7 7.9 9.9 .368 209
6 38-46 74-97 32-57 5 .03-.75 1.55
41.3 85.0 43.7 (1T) .388
3.3 9.1 10.0 294
10 34-51 81-102 32-67 5 01-.16 .30 .62(5)
40.8 92.9 52.7 (17T) .075 w124
5.9 8.4 9.6 .069 .118
10 32-47 81-109 42-66 3 .02-.18 .30
39.0 96 .5 57 .6 .100
5.5 9.8 " 8.3 .080
10 42-64 92-108 37-64 3 .08-.21 .29 .50(5)
50.6 101.5 50.9 (17 145 .100
7.7 5.3 9.5 .061
10 40-69 96-113 40-72 4 .18-.28 46
50.7 © 105.7 55.0 (2T) «230
9.8 6.1 10.0
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Table 3.9 continued

Temperature Precipitation
MONTH/ Read-  Minimum Maximum Diurnal Events Amount Total Official
Plot ings Range (inches) Data
AUGUST
Werito's Rincon
Ranges 10 41-63 74-106 21-58 6 .02-.70 1.05 2.47(7)
Means 49.9 92.8 44,9 (271) .263 .353
Standard deviations ‘ 6.4 11.9 14.1 .308 274
Pehasco Blanco
Ranges 10 40-56 87-109 35-61 5 .01-.70 1.14
Means 47 .9 - 98.8 50.9 .228
Standard deviations 6.3 8.6 8.8 .313
SEPTEMBER
Werito's Rincon
Ranges 7 34-46 90-102 55-63 0 0 01(1)
Means 38.6 97 .6 59.0
Standard deviations 4.5 4.7 3.1
Peflasco Blanco
Ranges 7 35-44 94-107 42-60 0 0
Means 38.9 100.4 58.7
Standard deviations 3.2 5.6 8.9

Diurnal ranges may be somewhat exaggerated because readings were not taken every day; it is also conceivable

that precipitation events may be lumped, but unlikely.
(T) indicates the number of unmeasurable "trace" events; trace events are included in the number of

events.
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is indeed a more severe one is emphasized by the probability that in 1979
the plants there received more surface moisture than those at Werito's
Rincon, because they were supplied by the irrigation system and received
equivalent artificial waterings. The success at Werito's Rincon must be
attributed to both the less severe conditions and the effectiveness of the
dune in supplying and retaining moisture.

If water is the critical variable, how did the plants respond to ar-
tificial watering? 1In 1978 the dune plots reacted about as would be ex-
pected, i.e., watered plants were larger and lived longer, with the excep-
tion of the pest-ridden Dune Side first planting (Figures 3.10 and 3.11).
At Penasco Blanco, however, an interesting reversal of this trend occur-
red: the initially unwatered plants were consistently better looking and
larger than the watered plants. During June a very notable leaf rolling
and decline in growth rate were visible in watered plants, while unwatered
plants retained flat leaves and attained greater size (Figure 3.12). This
disparity did not 1last, as eventually nearly all plants developed
droughtrelated rolled leaves and died. As in all these experiments, this
pattern may relate to sample size or unknown soil differences. The one
plant that survived until the killing frost (late September) was one that
received water throughout the summer, but its endurance was the result of
repeated appearances of new growth from the severely affected original
plant. '

The effects of watering on the 1979 plant size and cob yield may show
that, in the quantities provided, artificial watering will make some
improvement, but adequate natural precipitation is required for plant
survival and production of mature cobs. The success of the unwatered
plants at Werito's Rincon supports this interpretation.

A rough calculation, considering each hollow around each corn hill to
be 30 cm in diameter and each watering to be 1 liter per hill, shows the
depth of water within the hollow to be 1.4 cm for each watering. The
plots were watered five (dune plots) and six (Peflasco Blanco) times in
June, 1978, providing approximately 7 to 8.5 cm of water per hill. Since
the 1951-1974 (June) mean total precipitation is 1.09 cm, the moisture
provided artificially was considerably greater than the amount that would
have fallen naturally in a "normal” June, but that additional moisture is
extremely localized and is still 1less than the potential water loss
through evapotranspiration. Factors such as general soil moisture versus
highly local soil moisture, the use of water diversion, and dune moisture
retention all make any equation of artificial with natural moisture beyond
the present scope. We were not providing the quantities described by
Kirkby (1973) for Oaxacan riego a brazo (see below). The minimal effects
of our watering make it likely that some critical threshold was not being
reached (Litzinger 1976). Indeed, Blaney and Hanson's (1965) calculations
of consumptive use coefficients indicate that corn grown at nearby Bloom—
field should require some 12.4 cm of water in the month of June (and 60 cm
for an entire summer). Our artificial watering amounts combined with the
meager amount of meteoric water are still shy of this amount, suggesting
that moisture stress could have affected the plants despite our best
intentions. As a sidelight on the importance of moisture, hybrid corn and
other deep-planted crops (beans, squash, chiles, tomatoes) were grown
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productively with regular, copious irrigation in Chaco in 1978 on soil
similar to that at Penasco Blanco though manure had been added (location
10 on Figure 3.1). :

Precipitation amounts in the summers of 1977 and 1979 were much
closer to normal (Figures 3.18-3.21.). Why, then, was no corn produced in
1977? Plant survival overall was better than in 1978 and tassels did ap—
pear in two plots, though the plants were stunted, and no ears formed.
Some suggestion as to a part of the cause of failure in 1977 may be seen
in the importance of artificial water to sprouting of plants in 1977.
Whereas artificial watering played little or no role in sprouting in 1978
or 1979 (Tables 3.3, 3.4), it was very influential in 1977, turning our
attention to precipitation in the early part of each of the three years.

All three years deviated from the 1951-1974 total mean annual precip-
itation (Figure 3.21), but each on a different schedule. The summer of
1977 conformed quite closely to normal patterns, but the year as a whole
was more than an inch under normal. Very importantly, both March and
April were below normal months and May through August just about normal.
In 1979, the one year that can be considered remotely successful, the
annual total is well above normal and between April and September only
July is below normal, with May and August each over an inch above the
mean. It can be suggested, then, that critical deep winter moisture was
absent for the 1977 planting, setting the plots at an initial disadvantage
and rendering them dependent on artificial watering to germinate. Some of
those plants that survived during June were then able to benefit from the
July rains, though they never reached productivity, perhaps because the
‘remainder of the summer was only normal in this marginal precipitation
regime. It was noted that even after the July rains began, some plants
seemed to be severely stressed, probably because soil moisture was deple-
ted throughout the root zone by that time. Franke and Watson (1936:21)
attribute one of the two Mesa Verde failures to abnormal dryness during
the "critical spring months.”

While the annual rainfall total for 1978 was 5 in above normal, the
summer months were all subnormal. Much of the above normal precipitation
in 1978 occurred in the least agriculturally relevant last third of the
year, but the first five months (especially May) were all above normal as
well. No artificial water was necessary for germination at either
planting in 1978. Soil moisture remained good well into Jume, but by
mid-August 1little moisture could be detected at 65-70 cm below the
surface.

Conclusions
These experiments have graphically illustrated several points:

1) Chaco, under modern conditions, is indeed marginal as a corn grow-
ing environment. Navajo successes at growing crops in and near Chaco Can-
yon have been documented by Judd (1954:52-59, Plates 12 and 13) and Pepper
unpublished photographs taken in 1898; Cully et al. 1982), Our results
and the precipitation record in general indicate that precipitation con-
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ditions must be normal, or perhaps above normal, and that adequate mois-
ture must arrive from at least March through August. The years 1977,
1978, 1979 provide a good example of the variablity in amount and schedul-
ing of precipitation: a subnormal year with dry spring, an above normal
year with no summer moisture, and an above normal year with good spring
and summer moisture. The longer record indicates that above normal years
are very often separated by several subnormal years (Judd 1954:59, 68;
Vivian 1974:105; Vivian and Mathews 1965:8), and our short record shows
that merely being above normal is not enough. Huntington (1914:81) also
documents such cycling at the turn of the century:

There are now in the [Chaco] Canyon two Indians who are reasonably
sure of a good crop of corn each year. 1 saw their farms, unbeliev-
ably dreary wastes of drifting sand in the bottom of the canyon where
two large tributaries join [the Escavada and the Chaco, just below
Penasco Blanco?] and where the level of ground water is consequently
higher than anywhere else.... In spite of these advantages neither
of the two Indian farmers has obtained a good crop every year in
recent times.... Varlous other Indians cultivate parts of the valley
floor, but with the most meager success. In good years corn 1is said
to grow to a height of 6 to 7 feet; in other years it is only 2 or 3
feet high, and often fails completely.

"In the last sixteen years, according to Mrs. Wetherill...
there have been only two good crops. In three years, 1902, 1903, and
1904, the Navajos planted corn as usual, but, with the exception of
the two fortunate men already mentioned, got no returns. In the re-
maining years the crop varied all the way from almost nothing to
fair. The reason for its failure in the dry years does not appear to
be that the method of cultivation is poorer than in the past, but
simply that the summer rains, upon which corn and beans...entirely
depend, never fell at all or else did not fall until so late that the
frost came before the crops could ripen.

Even in proven locations, then, farming in Chaco is risky, and regular
fajlures are a good possibility on a regular basis. This critical factor
in a number of interpretations of cultural developments in the Chaco
region (e.g., Judge 1979; Vivian 1983) is well illustrated by these
experiments.,

2) Under these exacting conditions the necessity for the research on
irrigation systems becomes clearer (Vivian 1974). Even such systems, how-
ever, probably would not have produced a crop in a year similar to 1978,
since the only time our version of that system at the Penasco Blanco plot
supplied any water was three days before the killing frosts of September
19 and 20. :

3) The one plot that yielded a usable crop was located on the south
side of the canyon in a "non-intensified” location. This result directs
attention to the greater density of sites on the south side, spanning a
longer period of time than is evident on the north side of the canyon.
There 1is at least a suggestion, then, that the horticultural methods
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presumed to have been operative on the south side were more reliable on a
long~term basis than the attempts tocutilize the north side catchments.

4) Those who did manage to grow crops in Chaco, whether or not they
used the irrigation systems, clearly had to pay extremely close attention
to their crops and were experts——even specialists (but then every Hopi
farmer is a specialist). Given the dryness of a normal year's June and
early July and the presence of bordered gardens it is reasonable to sug-
gest some form of pot and well irrigation was necessary (Kirkby 1973:41-
41, Plates 8-10; Cully et al. 1982:145, 164-165). The quantity of water
supplied in this way would have had to exceed that which we provided.
Kirkby reports 4,500 liters per day for a 360 m2 field, or 1.25 cm per
day, though the Navajos in the Chaco area apparently hauled less water.
In view of the present low productivity of at least part of the Chetro
Ketl Fields, it is interesting that Kirkby (1973:42) notes that pot irri-
gated fields are susceptible to salinization. At present no Anasazi wells
are known in Chaco, but shallow hand-dug wells are known to have existed
in the canyon historically.

5) It is noteworthy that almost every experimental plot, even in
lusher enviromments such as Mesa Verde, is attended by reports of pest
problems, especially rabbits and rodents (see Appendix). Pests were a
major problem in the Chaco plots, especially when the plants were small
and again when they were bearing ears. The importance of field houses and
constant attention is suggested.

6) Because a failure is at least as significant as a success, we en-
courage others to report the results of similar experiments, whether or
not they "succeed.” We fully recognize that some of our procedures were
faulty, but we have had to work them out as we went along and hope that
their evolution may be of use to others.

We can only agree with Don Talayesva:
"At harvest 1 was disappointed with my corn crop, realized that
I was a poor farmer, and wondered whether I would ever be able

to support a family"” (Simmons 1942:255).
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Appendix: Annotated Readings on Archeological Corn Experiments

The following summaries of other Southwestern corn plot experiments
are included for comparison. The list is no doubt incomplete.

Colton, Harold S.
1965 Experiments in Raising Corn in the Sunset Crater Ashfall Area East
of Flagstaff, Arizon. Plateau 37(3):77-79.

This is a brief report of three summers' planting, 1931-1933. Ex-
periments were conducted primarily to evaluate the effects of Sunset Cra-
ter ash. Differential success at elevations from 4,900 to 7,000 ft and
under different ash and rain conditions are reported. Pests were a pro-
blem; no yields are mentioned.

Ford, Dabney
1976 Experimental Farming. In Reclamation of a Vandalized Prehistoric
Settlement Site: Berrenda Creek Project 1976, edited by A.R.
Gomolak and D. Ford, pp. 37-40. Xeroxed NSF report for Grant
#SM176-08025.

Beans, onions, and sweet corn were planted in three locations near
the classic Mimbres site LA 12992 in Sierra County, southwestern New
Mexico. No water was provided and only in a side drainage bottom was
there any corn growth. The corn reached a maximum height of 20 cm (8 in)
and there is no mention of tassel or silk formation. Ants and grass-
hoppers are both noted as detrimental. It is concluded that finer soils
with good water retention and artificial water supply are probably
necessary to successful agriculture in this location.

Franke, Paul R., and Don Watson
1936 An Experimental Corn Field in Mesa Verde National Park. In Sym-
posium on Prehistoric Agriculture, University of New Mexico Bulle-
tin 296, Anthropological Series 1 (5), edited D.D. Brand, pp.
19-37. Albuquerque.

A mesa top location in a small drainage was planted with native corn
for 17 seasons (and continued after 1936). The experiment was conducted
primarily to demonstrate the feasibility of growing corn in the apparently
arid conditions of Mesa Verde. Moisture was found to be the most impor-
tant factor--crops failed in only two of the 17 years reported, both times
in dry years. No artificial water was provided; the only care given the
field was occasional hoeing; animal predation was significant. Yields
were variable, but deemed sufficient to support the postulated prehistoric
population.

Howard, Richard M.
1958 Results of an Experimental Plot of Indian Maize. Ms. on file,
Gran Quivira National Monument, Gran Quivira, New Mexico.

The results of a single season of planting at Gran Quivira National
Monument are given. As at Mesa Verde, the primary purpose of this plot
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was to demonstrate the possibility of growing corn to -visitors to the
monument. Two germinations occurred from natural moisture. The earlier,
in May, produced mature ears; the later, in July, produced ears that had
not matured by the killing frost in October. The summer was substantially
normal for moisture (9.7 in or 24.6 cm, May to October); no irrigation was
practiced.

Human Systems Research
1973 A Preliminary Experiment with Chapalote Corn in the Tularosa
Basin, New Mexico. 1In Human Systems Research Technical Manual,
pp. 445-457. Three Rivers, New Mexico.

This is a report on a single season experiment involving two plots at
elevations of 4,820 and 7,000 ft, planted to observe the performance of
primitive maize under the different conditions provided by the elevational
difference. Hail, cows, and freezing temperatures all rendered the more
variable high elevation crop inconclusive and poor; the lower plot pro-
duced mature cobs with some plants reaching heights of over 2 m. The
higher plot was fenced, and the lower plot was regularly and abundantly
irrigated. Plots were in the care of local farmers.

Jeter, Marvin D.

1977 Archaeology in Copper Basin, Yavapai County Arizona: Model Build-
ing for the Prehistory of the Prescott Region. Arizona State
University Anthropological Research Paper no. 11, pp. 161-162.
Tempe.

Dry farming around 1900 is reported, but tree rings suggest that the
early 1900s were abormmally wet. An experimental plot in 1976 died out
during a "40-day drought” of late May through June. Some cattle and wild
animal trampling were experienced, but the loss of the plot is attributed
to the drought. "Abnormal varieties™ of corn were used.

Litzinger, William J.
1976 The Experimental Garden Project, 1975. 1In Hovenweep 1975 Archeo-
logical Report no. 2, edited by J.C. Winter, pp. 177-190. San
Jose State University, Department of Anthropology, California.

Three plots were placed in varying locations in Hovenweep National
Monument (Colorado-Utah) and one at Lowry Ruin in 1975. Shallow soil,
rodents, and dryness rapidly eliminated plots in check dam and floodplain
locations. A larger plot was maintained testing different watering levels
administered every two days. The relationship of plant size to quantity
of water supplied was direct, but size groups were apparent for the
following water amounts: 0-200 ml, 400-1,200 ml, and 2,000-2,500 ml per
watering. Unchecked weeds were found to reduce growth by about half in
the dry-farmed Lowry plot; with weeding good growth and yield were obtain-
ed by dry farming in the Lowry plot in preceding years. Observations and
care were stopped before the Hovenweep field matured, so yields were not
measured. The plots were quickly and severely reduced by predation when
abandoned. In 1976, three of the 1975 gardens were continued; again
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harvest size was poor, but fallow, weed, and herbivore data were collected
(Winter 1977:8-9).

Maule, Stuart H.
1963 Corn Growing at Wupatki. Plateau 36 1:29-32.

This article reports on a single season experiment. Corn was planted
in mid-July. The primary objective was to test the effects of Sunset
Crater ash as mulch. No artificial water was applied; rodents were found
to be a problem especially in dry periods. Germination was very slow and
no ears were produced. One inch of ash mulch was found to be optimal, and
it was concluded that the mulch was necessary for corn growth.

Shuster, Rita A., and Robert A. Bye
1984 Preliminary Results from the Dolores Archaeological Program
Gardens. In Dolores Archaeological Program: Synthetic Report
1978-1981, pp. 94-99. U.S. Department of Interior, Bureau of
Reclamation, Engineering and Research Center, Denver.

This report summarizes one of the most extensive and best controlled
agricultural experiments connected with an archeological project. A
riverine garden and an upland location were planted for two years, 1979
and 1980; a variety of cultivars, including eight strains of maize, were
planted. Frost-free days were found to be the major limitation in this
experiment though moisture, weeds, and pests were also factors. Mature
ears were obtained, with productivity better in the warmer upland plot.
One of the best prehistoric controls for these problems is seen to be plot
location. Variability in precipitation among adjacent stations is noted;
the summers of 1979 and 1980 are termed "particularly short and dry,” with
between 1.58 in and 5.24 in. (Note that 1979 was relatively wet for
Chaco, with 5.44 in; see Gillespie, this volume.)
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Chapter Four

Pollen Evidence of Past
Subsistence and Environment at

Chaco Canyon, New Mexico
by
Anne C. Cully

Introduction

Over the years, archeological excavations at Chaco Canyon have dis-
closed structures which vary greatly in size and construction. Large,
complex sites like Pueblo Bonito and Pueblo Alto were built on a massive
scale. They are described variously as towns, greathouses, and more re-
cently, as simply large structures (Lekson 1984). Small sites, described
by Truell (1982) as modestly constructed single-story houses, a.c strik-
ingly different from the large structures in plan and scale. Based on
tree-ring and ceramic evidence, Hawley (in Brand 1937) reported that sites
of these two differing types were occupied contemporaneously. Conjecture
about the differing functions of the smaller and larger sites with regard
to soclal organization and subsistence patterns has continued to the pre-
sent day (Kluckhohn et al. 1939; Truell 1982; Vivian and Mathews 1964;
Windes 1978, 1980).

In order to broaden the knowledge of the subsistence base and to ex-
plore possible differences in site function related to the gathering,
storage, and processing of plant resources, botanical analyses were under-
taken at recently excavated sites. Pollen samples (184) from two small
sites and one large structure were processed and analyzed. Excavation be-
gan in 1974 at the first small village site, Site 29SJ 627, located in a
rincon southwest of Chaco Wash (Figure 4.1). The second village location,
Site 29SJ 629, another village site about 60 m to the east in the same
rincon, was excavated during 1975 and 1976. Both sites are similar in
overall plan (see following sections). In the early stages of occupation,
domestic functions were carried out in the pithouses. The aboveground
structures probably functioned as storage rooms. Later, domestic or 1liv-
ing functions were shifted to the aboveground rooms as various additions
were made, and subterranean rooms were then used for ceremonial activi-
ties. 1Initial occupation of both sites occurred in the A.D. 800s. Site
298J 629 was abandoned by A.D. 1050, and 29SJ 627 by the early 1100s.
Pueblo Alto is a large, complex structure located northeast of the Chaco
Canyon rim above Pueblo Alto on a mesa top (Figure 4.1); excavation began
there in 1974 and continued through 1979. Occupation of the site has been
dated by various methods, and ranges from A.D. 1020 to 1150-1200 (Windes
1980). Preliminary reports on architectural development by Windes (1980)
describe the relationship of the architectural components of the site and
the tentative building sequence.
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Pollen analysis is an important form of botanical study that can be
used to find evidence of prehistoric plant utilization (Bohrer 1972;
Dimbleby 1978; Hill and Hevly 1968). Pollen evidence of storage and pre-
paration of domesticated and wild plant foods has been recovered from
many sites in the Southwest (Adams 1980; Bohrer 1972, 1981; Hill and Hevly
1968; Scott 1978a; Weir 1976). In addition to this evidence, ‘Hill and
Hevly (1968) at Broken—-K Pueblo determined how room function may have af-
fected percentages of pollen grains from economic, or ethnobotanically im-
portant taxa, from domestic and wild plants. ©Pollen analysis has been
used to reconstruct the past environment, using pollen samples from dated
archeological sites (Bohrer 1972; Hevly 1964; Schoenwetter 1962, 1974;
Schoenwetter and Eddy 1964). Recently, reports regarding the inherent
problems in sampling from archeological sites have appeared (Cully 1979;
Hall 1981a; Hevly 1981; Pippin 1979). Variability in results, differen-
tial preservation, and the possibility of changes in local pollen rain due
to man's activities have been noted, as well as how these factors may af-
fect the interpretation of the data in envirommental reconstruction.

Recent pollen analysis at Chaco Canyon has focused on methodological
and ethnobotanical considerations. Careful consideration has been given
to sampling techniques. The floor contact level was heavily sampled to
detect pollen evidence of plants which may have been brought into the site
for subsistence, either for consumption as food or for raw material for
construction, fuel, manufacturing, or ceremonial purposes. The develop-
ment of a sampling methodology facilitated the identification of rooms
where activities of plant preparation and storage may have taken place,
and permitted comparisons of ethnobotanic information between different
sites.

Methodology
Sampling

For sampling in rooms, a grid system was developed that was adaptable
to the quadrant system used for excavation by the National Park Service.
In each room, alternate lettered grids were sampled (Figure 4.2). The
grid could be used in rooms of any size, and at any level of excavation—--
floor fill, floor contact, and floor levels. The same lettered grids were
sampled at all levels. About 100 g of sediment were taken from each grid
square. After processing, the results from the individual grid samples
could be considered singly, and then compared in order to assess the dif-
ferences between samples and to determine if any particular locations in a
room were utilized for storage or preparation of plants. The results from
individual grid samples from a room could also be combined, if necessary,
to make comparisons between floors or between rooms within the site. All
features were also sampled. Sampling in this way provided the opportunity
to assess the variability within rooms, and ensured comparability between
rooms, and later, between sites. This basic sampling plan was initiated
during the second year of excavation at Site 29SJ 627. With some modifi-
cations, this plan was also used at Site 29SJ 629. At Pueblo Alto, the
grid was modified to allow for a greater number of grid squares in some of
the rooms that were much larger than any at the small sites. Each grid of
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approximately 1 square meter was numbered; a sample was taken from every
other grid square (see section on Pueblo Alto). Modifying the sampling
plan in this way allowed greater accuracy in locating areas that may have
served special purposes involving the use of plants during storage, pro-
cessing, or ceremonial activities. The increased number of samples (and
the consequent increase in time and expense required for analysis) made it
necessary to make composite samples from some rooms. Rooms 139, 142, 143,
145 and 147 from the North Roomblock and 229, 112, and Plaza Feature 1
were, depending on size, divided into 2 or 3 sections. A portion of the
sediments was taken from each individual sample from the grid squares, and
these portions were combined into one pollen sample for each section. For
example, about 15 g of sediment were taken from each bag containing a pol-
len sample from individual grid squares in the northern third of Room 112
and combined into one sample, called Room 112 (North Composite). The re-
sulting composite sample was thoroughly mixed in a clean plastic bag be-
fore processing. The grid samples from rooms 110, 103, Kiva 15, and Plaza
2 were processed individually. Initial work at 29SJ 627 indicated that
the floor contact level (from the floor to about a centimeter above the
floor surface) gave the best results; this level contained pollen dis-
persed from activities of domestic and wild plant preparation and storage.
Pollen from the floors themselves was poorly preserved and difficult to
identify. Careful attention was given to the origin of the fill above the
floors, as contamination from trash dumping could occur in sediments from
the floor contact level and lead to erroneous conclusions about room func-
tion (Cully 1977a). Samples from this level were processed and analyzed
for 2953 627, 29SJ 629 and Pueblo Alto, as well as from selected samples
from features associated with the floors, such as mealing bins, storage
pits, and firepits.

Processing

Samples from the three sites were processed by the settling tube me-
thod, based on separation of particle sizes in a dispersing solution. Ten
grams of sediment were taken from the bag, weighed, ground with a mortar
and pestle, and washed through 100-mesh screen into clean beakers. Five-
ten milliters of 20% hydrochloric acid (HC1) were added to the beakers and
stirred several times. When the bubbling action stopped, the sample in
solution was transferred to test tubes, centrifuged, decanted, and rinsed.
A dispersing agent was used to rinse samples back into beakers. The sam-
ple was mixed thoroughly with the aid of a magnetic mixer and poured into
settling tubes filled with dispersing agent. After two minutes, the large
heavy sand grains had settled in the flexible tubing and a clamp was
placed above that part of the tube. After 19 hours, the flexible tubing
was removed and the sediment grain sizes above the clamp associated with
the pollen were removed into a test tube. Large sand grain sizes and
small clay and silt particles were left in the tube. The pollen bearing
portion of the sediment was treated with 40% hydroflouric acid (HF) in a
hot water bath. Spot checks of the large sand grain portion and the silt
and clay portion of the samples were made to make sure they did not con-
tain pollen. The samples were placed in an acetolysis solution and placed
in a hot water bath. After this, the remaining portions. of the samples
were rinsed, placed in glass vials and slides were prepared using a gly-
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cerin mounting medium. Pollen extraction was done in the Micropaleon-
tology Laboratory (Geology Department and the Castetter Laboratory for
Ethnobotanical Studies, Biology Department, University of New Mexico).

Following Barkley (1934) I attempted to count 200 pollen grains for
each sample, to reach the maximum number of taxa and ensure comparability
between samples.

The terminology used follows Fieldguide to the Native Vegetation of
the Southwest Region (USDA 1978) and A Flora of New Mexico (Martin and
Hutchins 1980). Pollen identifications were made using How to Know the
Pollen and Spores (Kapp 1969) and reference collections maintained by the
Castetter Laboratory for Ethnobotanical Studies.

Site 29S8J 627

Description

Site 29SJ 627 is a small village located in a rincon on the southwest
side of Chaco Wash. Construction episodes at 29SJ 627 are outlined by
Truell (1981). The first building period consisted of two units of stor-
age rooms and a pithouse; later episodes increased the number of above-
ground rooms and subterranean structures. The ramada area was enclosed
and made into regular rooms. Room function was determined on the basis of
their position within the roomblock and the numbers and kinds of features
associated with them. Storage rooms were located along the west side of
the roomblock and were generally featureless, although large, bell-shaped
storage cists and small, slightly burned, circular firepits were found in
some storage rooms. Evidence of low-intensity burning suggests that the
firepits were only used occasionally or that they contained materials that
were heated elsewhere and then transferred to the pits. 1In spite of these
features, the similarities in room shape and location indicate a function
similar to that of other storage rooms. These rooms retain their posi-
tions within the roomblock through the reconstruction episodes, as do
living and work areas, with well-used hearths and other evidence of living
activities (Truell 1981).

Three rooms were chosen for intensive sampling. Rooms 4 and 16
(Figure 4.2) were part of the original construction and had been used
throughout the occupation of the site. Room 8 initially served as part of
the ramada area that was later completely enclosed during the final con-
struction episode. In each room, several floors or use surfaces were un-
covered during excavation (Figures 4.3-4.8). (Floor 1 was removed in
1974; since the sampling plan developed at this site was not put into ef-
fect until 1975, only Floor 2 and later floors are discussed here.) Var-
ious features, including firepits, were found associated with the floors;
rather than a single function of the room being clearly defined by the
architecture and presence or absence of features, rooms 16 and 4 seem to
have included both storage and living functions at one time or another.
As indicated by the presence of deep, well-burned firepits and other fea-
tures, Room 8 may have been a locus for food processing and other living
activities.
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Results of Analysis
Room 16

Floor 2. Room 16 was semisubterranean and oval in shape (Figures
4,3-4.5). The floor consisted of a layer of compacted earth with an adobe
plug over the north part of the room. Floor 2 may have been a replaster-
ing or plugging of Floor 3 just below, in order to construct Floor 1.
Truell (1981), however, believes that Floor 2 was formed during the second
construction episode and was actually a use surface. No firepits or other
features were associated with this floor. High concentrations of corn
pollen and two cucurbit pollen grains were located in grid section B
(Table 4.1; Figure 4.3). This may be the result of storage of corn and
squash. '

Corn is wind pollinated; however, it is rarely dispersed away from
the fields in which it grows (Raynor et al. 1972). Corn pollen could have
been introduced into the site in several ways, as the result of storage
after harvesting, processing (shelling, grinding, cooking), or use for
ceremonial purposes. Ethnographic descriptions of harvesting and storage
at Zuni (Cushing 1920) and Hopi (Whiting 1939) relate that corn was
picked, taken from the field, husked and stored. The Keres people
roasted, dried, and stored corn ears with the husks on (White 1938). The
Navajos pulled six complete corn stalks from the field prior to harvest-
ing, and placed one in each of the six directions on the spot where the
ears were to be stored (Hill 1938). Bohrer (1972) has shown that such
harvesting, storing, and processing activities could result in dispersal
of pollen into dwellings. There is also ethnographic documentation for
the ceremonial use of corn pollen. The Cochiti people gather corn pollen
from green corn plants and store it in jars (Lange 1959). Hill (1938) de-
scribes the Navajos gathering corn pollen when it first appears on the
corn, to save for ceremonial use. The Zunis and Hopis use corn pollen in
various ceremonies and blessings (Cushing 1920; Stephen 1936; Stevenson
1915). Cushing (1920) and Stevenson (1904) described the Zunis ritually
blessing seed corn with corn pollen and making corn meal and pollen paint-
ings on the floors of certain rooms during ceremonies as well as in rooms
used for storing ceremonial objects. Stephen (1936) cites numerous
examples at Hopi of the use of corn pollen in ceremonies in kivas, and in
food packets attached to prayerstickss Corn pollen was used in blessing
objects; a little was included with tobacco in cane cigarettes,

Pollen from the genus Cucurbita is large and spiny. Squash and
gourds are insect pollinated and cucurbit pollen is unlikely to be part of
the normal pollen rain. The presence of this taxon in an archeological
site is 1likely due to introduction with the floral parts or with the
fruits. The roots, fruits, and leaves of the buffalo gourd (9. foetidis-
sima) a wild member of this genus, were used medicinally and as food
(Jones 1930; Robbins et al. 1916; Swank 1932). Cushing (1920) reports
that flowers were gathered from domestic squash plants in the late summer
at Zuni, when the blossoms have little chance of producing mature fruit.
The flowers were dried and stored for winter kitchen use. Beaglehole



Table 4.1

Floor 2

ROOM 16

Pollen Results in Percentages from Floor Contact Samples, Site 29SJ 627

Floor 3

Section B

Grid

FS 2026

Grid
Section E
FS 5028

Grid

Section H Floor

FS 5030

Total

Grid
Section B
FS 5358

Grid
Section C
FS 5356

Grid
Section G
FS 5353

Grid
Section H
FS 5352

Floor
Total

Ables (fir)

Acer (maple)

Juniperus (juniper)
Pinus (pine)

Populus (cottonwood)
Quercus (oak)

Salix (willow)

Cheno-Ams (Chenopodiaceae-
Amaranthaceae)
Sarcobatus (greasewood)
Gramineae (grass family)
Compositae (sunflower
family)

Artemisia (sagebrush)
Ephedra (Mormon tea)
Celtis (hackberry)
Leguminosae (pea family)
Liliaceae (lily family)
Malvaceae (globemallow
family)

Opuntia (prickly pear
family)

Portulaca (purslane)
Scirpus (bulrush)
Typha/Sparaganium
(cattail/burreed)

Type A-Cactaceae
Cucurbita (squash or gourd)
Zea mays (corn)

Other*

Total Count

2

1
20

34

NN

29

209

+%k%

44

34

5
1
193

1

1
31

34

17
1
402

21

12

43

121

40

37

11

141

42

12

210

16

15

2
0.2
200

0.2

1

13
0.1

672
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Table 4.1 continued

Ables (fir)
Acer (maple)

Juniperus (juniper)
Pinus (pine)

Populus (cottonwood)

Quercus (oak)
Salix (willow)

Cheno-Ams (Chenopodiaceae~

Amaranthaceae)

Sarcobatus (greasewood)
Gramineae (grass family)

Compositae (sunflower

family)

Artemisia (sagebrush)
Ephedra (Mormon tea)

Celtis (hackberry)

Leguminosae (pea family)
Liliaceae (1lily family)
Malvaceae (globemallow

family)

Opuntia (prickly pear

cactus)

Portulaca (purslane)

Scirpus (bulrush)
Typha/Sparaganium
(cattail/burreed)
Type A-Cactaceae

ROOM 16
Floor 4

Room 8
Floor 3

Grid Grid Grid
Section A Section D Section E Floor
FS 6785 FS 6801 FS 6789 Total

Grid
Section C
FS 5858

Grid
Section D
FS 5859

Grid
Section G
FS 5871

Floor
Total

1 0.2

45 23 59 37

28 52 16 37

11 2 9 6

N
U W
- NN

Cucurbita (squash or gourd) 1

* Zea mays (corn)
Other*
Total Count

145

1
1
1
10 15 6 12
0

228 228 102 475

69

23

107

25

12

35

23

211

128

21

20

13
0.2
446
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Table 4.1 continued

ROOM 4
Floor 2
Grid Grid Grid Grid

Section B Section E Section C Section D Floor

FS 5159 FS 5097 FS 5095 FS 5160 Total
Ables (fir)
Acer (maple) 1 0.2
Juniperus (juniper) 1 1
Pinus (pine) 65 23 58 46
Populus (cottonwood)
Quercus (oak)
Salix (willow)
Cheno-Ams (Chenopodiaceae- .
Amaranthaceae) 12 43 21 28
Sarcobatus (greasewood) 3 1
Gramineae (grass family) 9 4 9 7
Compositae (sunflower
family) 3 8 5 6
Artemisia (sagebrush) 1 2 1
Ephedra (Mormon tea) 1 1
Celtis (hackberry)
Leguminosae (pea family) 1 0.2
Liliaceae (lily family)
Malvaceae (globemallow
family) 1 2 1
Opuntia (prickly pear
cactus) 1 1
Portulaca (purslane)
Scirpus (bulrush)
Typha/ Sparaganium
(cattail/burreed)
Type A-Cactaceae 1 0.2
Cucurbita (squash or gourd)
Zea mays (corn) 6 17 + 2 9
Other* 1 1 1
Total Count 100 213 225 538

*Other taxa, including Rhus, Ribes, Caprifoliaceae, Onagraceae, Rhamnus, Labiatae.

**When total pollen counts

less than 100, + indicates pollen type noted.

Room Totals

Room 16 Room 8 Room 4
0.3
0.1 0.2
0.4 1
42 40 46
0.3
39 21 28
0.1 1
10 20 7
4 2 6
1 1 1
1 1 1
0.2
0.1 1 0.2
1 0.2
1 1
1 1 1
0.1 0.2
0'1 0.2
0.3 | 0.2
0.3
14 13 9
1 0.2
1549 446 538
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(1937) reports that the Hopis served squash blossoms boiled with salt and
grease.

Purslane (Portulaca) pollen also occurred in grid section B (Table
4.1; Figure 4.3). The pollen grains are large (greater than or equal to
60 microns), with minute spines (Kapp 1969). These characteristics indi-
cate that the plants are insect pollinated. Purslane pollen is not com—
monly found in soil samples. When it does occur in an archeological site,
it may be because purslane plants were brought in by man. Castetter
(1935) reports the gathering, drying, and storing of purslane plants for
the winter at Isleta, and the use of this plant for food by most of the
modern Pueblo Indians. Medicinal uses for the seed are also reported for
the Navajos by Elmore (1943). At Zuni, Cushing (1920) described purslane
plants being pulled before the seeds were ripe. The entire plant was
dried and the seeds were threshed by agitation or pounding. The seeds
must have been highly valued; if the ripening had proceeded too far and
the seeds had fallen to the ground, the Zunis swept the surface and
winnowed the seed from the dirt.

Floor 3. This floor, made during the first comstruction episode, ap-
pears to be a resurfacing of Floor 4. The periphery of the rc-m at the
joining of the walls and floors was lined with upright stone slabs, which
were covered with plaster (Figure 4.4; Truell 1981). A large circular
cist (Feature 6), lined with ground stone artifacts, was located in the
northeast portion of the floor. The floor contained a central firepit and
postholes. Eggshells were found concentrated in the north half of the
room. High percentages of corn pollen were found in grid section B (Table
4.1, Figure 4.4). Two prickly pear (Qpuntia, platyopuntia type) and one
Unknown A (Type A-Cactaceae) were found in Section C. Most cacti are in-
sect pollinated and produce highly ornamented and complex pollen grains
which are uncommon in the normal pollen rain. The presence of this taxon
in an archeological site may reflect the use of the fruits and stems.
Plains prickly pear (Opuntia polyacantha) was important to the Hopi when
crops failed. The stems and the fruit were eaten. The fruits were some-
times dried for winter use, ground, and mixed with corn meal (Whiting
1939). Cushing (1920) reports that, at Zuni, cactus was gathered, dried,
ground on a mealing slab, formed into cakes and stored. Plains prickly
pear is common at Chaco Canyon today (Cully 1977b).

Cheno—-Am percentages approach 507 in Section G. The Cheno—Am taxon
is composed of pollen from the goosefoot family (Chenopodiaceae) and the
pigweed family (Amaranthaceae), genus Amaranthus, which is generally in-
distinguishable to species with the light microscope. Members of these
families are generally wind-pollinated, and include many weedy, annual
species that are encouraged by soil disturbance.. This pollen taxon is
ubiquitous in sediment samples from the Southwest, which makes it diffi-
cult to determine whether plants of this group were being used in archeo-
logical sites. As with other wind pollinated plants, exceptionally high
percentages suggest introduction by man. Bohrer (1972) reports that
Cheno-Am percentages greater than 50% occur naturally only in surface soil
samples from dense thickets of Chenopodiaceous shrubs. The use of seeds
and green parts of goosefoot (Chenopodium) are documented among historic
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Indian groups (Castetter 1935; Ford 1968; Jones 1930). The seeds of C.
leptophyllum were an important food plant for the Zunis (Stevenson 1915).
Castetter (1935) reports the greens of this species were used like Spinach
by Navajo and Pueblo Indians. C. fremontii seeds were used ground in a
meal by the Kayenta Navajo (Wyman and Harris 1951). Annual Atriplex spe-
cies are also documented as being used for seed (ground and mixed with
corn in a mush; Stevenson 1915) and as greens by the Navajo (Wyman and
Harris 1951). Castetter (1935) reports the leaves of A. argentea are
boiled and eaten as greens by Pueblo Indians of the Rio Grande Valley.
The leaves of A. argenteum (argentea?) were boiled with fat and eaten, and
this species is supposedly the earliest spring plant used for food. These
species occur in Chaco Canyon today, some years in the great abundance
typical of weedy annuals in response to favorable conditions (Cully
1977b).

In the family Amaranthaceae, members of the genus Amaranthus are
documented as being useful to Pueblo and Navajo Indians. A. graecizans
is reported by Castetter (1935) to have been used by the Cochiti as
greens, and by the Navajos for ceremonial uses (Elmore 1943). A. hybridus
was used at Acoma and Laguna as greens, and sometimes dried for winter use
(Castetter 1935). These two species both occur at Chaco Canyon (Cully
1977b). Stevenson (1915) reports the ‘use of A. blitoides at Zuni: the
seeds were ground with corn meal, mixed with';Zter and made into cakes
and steamed. A. cruentus (A. hybridus 2an1Culatus, an introduced plant)
was used in coloring he' we' or wafer bread made from corn meal. These
plants were cultivated in irrigated gardens. Bohrer (1960) reports the
continuation of this practice during her fieldwork at Zuni.

Floor 4. This floor was also associated with the first construction
period. A single adobe-lined firepit, slightly burned, was found along
the west wall (Figure 4.5)., The fill contained 21 or more pieces of char-
coal. The firepit had been plugged, but the floor may have continued to
be used after the pit was closed. The north portion of the fill was left
in place for preservation of stratigraphy (Truell 1981). The highest per-
centage of corn pollen occurred in Grid Section D, along with two cucurbit
and one prickly pear pollen grains. Prickly pear and Unknown A (Type-A
Cactaceae) pollen occurred in.two other sections (Table 4.1, Figure 4.5).

In Room 16, there is a concentration of corn pollen in and around
Grid Section B in the south part of the room throughout the three floors,
suggesting that the same location was used for storage purposes during the
entire use of Room 16. The presence of the slightly burned firepits sup~
ports the conclusion that some work activities were also carried out in
Room 16 (Truell 1981), activities that may have been associated with pro-
cessing or storage of corn, cucurbits, prickly pear cactus, and plants of
the Cheno-Am group.

Room 4
Floor 2. Room 4 was constructed similarly to Room 16, but only a few

slabs were found at the joining of the walls and Floor 2. The floor, as-
sociated with the first building construction, was plastered with gray
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clay, and was coped in places to meet the room walls. The floor was ir-
regular and in poor condition. A shallow, slightly burned firepit was
located in the center of the room, and an oval feature (Pit 2) in the
southeast corner (Figure 4.6; Truell 1981). The highest percentage of
corn pollen occurs in Grid Section E, along with one prickly pear pollen
grain. Cheno—-Am percentages were highest in this section. Samples taken
from the actual floor yielded sparse, poorly preserved pollen.

Room 8

Room 8 was part of a ramada area in the earlier occupation of the
site. Floor 2 (Figure 4.7) was constructed and used during the second
building episode, when portions of the ramada area were enclosed and made
into rooms (Truell 1981). This floor was not sampled with the grid sys-
tem. Samples from two pits in this floor are reported in the Features
section.

Floor 3. This floor was used during the first construction period,
and formed a single, continuous surface under the walls of the later-
constructed rooms 8 and 3 (Figures 4.2, 4.8). The ramada surface may
never have been plastered, and was characteristically uneven and rough.
There was a firepit on the north side of the room, and the floor was pen-
etrated by many pits and postholes (Figure 4.8). The use of this area was
probably associated with storage rooms 16 (floors 3 and 4) and 4 (Floor
2) (Truell 1981). The highest. percentage of corn pollen occurred in Grid
D. Prickly pear pollen was also present in this section. Unknown A
(Type-A Cactaceae) pollen occurred in sections D and A. Pine pollen
percentages were high in Section C (Table 4.1). Posthole 7, located next
to Grid Section C contained higher percentages of pine pollen also (Figure
4.8; see Features section).

Features

Samples from 17 pit features were processed from rooms 16, 8, and 3.
Six of these features yielded pollen information (Table 4.2). The pollen
sample from Pit 2, Room 3, a plugged baking pit 65 cm x 68 cm in the
southwest corner of the room, consisted entirely of Cheno-Am pollen. This
could be the result of the use of shrubby, chenopodiaceous species (e.g.,
fourwing saltbush, Atriplex canescens) for fuel. 1In Room 8, Pit 6 was as—
sociated with Floor 2 (Figure 4.8). This shallow basin, approximately 50
cm X 52 cm in diameter and 6 cm in depth, was called a tool storage area
(Truell 1981). An extremely high percentage of Cheno-Am pollen was found
in the sample from this pit. Rodent disturbance suggests that this high
percentage may be associated with storage activities of these animals
rather than of humans. Struever (1977), notes that rodents make use of
some of the same plant species as man for subsistence. A firepit, Pit 1,
associated with Floor 3, contained corn pollen, possibly a result of cook-
ing in the firepit. A pollen sample from Pit 7, a posthole, contained an
extremely high percentage of pine pollen. The highest percentage from the
floor contact samples from Floor 3 was 697%. The high pine pollen percent-
age in Pit 7 may be the result of sweeping material which contained pine




Table 4.2 Pollen Results in Percentages from Feature Samples, Site 29SJ 627

ROOM 16 ROOM 8 ROOM 3
Floor 3 Floor 2 Floor 3 Floor 1

FP 4 Pit 4 Pit 6 FP 1 PH 17 Pit 2
FS 5752 FS 2694 FS 2768 FS 6240 FS 6978 ~FS 245

Abies (fir) 1

Acer (maple)

Juniperus (juniper) 1

Pinus (pine) 26 28 89

Populus (cottonwood)

Quercus (oak)

Salix (willow)

Cheno-Ams (Chenopodiaceae-

Amaranthaceae) 51 66 4 100
Sarcobatus (greasewood)

Gramineae (grass family) 2 3

Compositae (sunflower .

family) 8 3

Artemisia (sagebrush)

Ephedra (Mormon tea) 1
Celtis (hackberry)

Leguminosae (pea family)

Liliaceae (11ily family)

Malvaceae (globemallow

—
-

family) : 1 2
Opuntia (prickly pear
cactus) 1

Portulaca (purslane)

Scirpus (bulrush)

Typha/Sparaganium

(cattail/burreed)

Type A-Cactaceae 1

Cucurbita (squash or gourd) 1

Zea mays (corn) +%% 10 +

Other* 1

Total Count 217 146 - 102 200

*Other taxa including Rhus, Ribes, Caprifoliaceae, Onagraceae, Rhamnus, Labiatae.
**Total pollen counts less than 100, pollen type noted.
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tree parts from the floor into the pit. The pit was filled with sand and
shale and plugged with adobe (Truell 1981).

The comparison of percentages of pollen between all features and all
floor contact samples are given in Figure 4.9. Corn pollen is found in
higher percentages on floors than in features, and Cheno-Ams in higher
percentages in features than on floors.

Variablility Between Grid Samples

Individual pollen samples from grid squares on each floor are differ-
ent in frequencies of certain pollen taxa (Table 4.1). Figure 4.10 shows
the highest and lowest percentages of key pollen types from two grid sec-
tion samples from each floor. Room 16, Floor 3, sections B and H are
widely different in percentages of pine and corn pollen. Room 8, Floor 3,
sections C and D vary in percentages of pine, grass, and corn pollen. 1In
Room 4, Floor 2, sections B and E, pine and Cheno-Am pollen percentages
are extremely variable. Large differences in the frequencies of economic
species could indicate the concentration of storage or processing activi-
ties 1n a particular part of the room. Because of the extreme differences
in taxa in samples from grid sections, one sample from one location in a
room does not necessarily represent the variability present in the entire
floor contact layer. Thus, dependence on one sample from a single loca-
tion for interpretation of room function, or for environmental informa-
tion, could lead to mistaken interpretations.

Comparisons Between Rooms

The results of individual grid samples form each floor of rooms 16,
4, and 8 were combined (Table 4.1). The total pollen counts for floors 2,
3, and 4 in room 16, Floor 2 in Room 4 and Floor 3 in Room 8 were compared
(Figure 4.9). The combination of results from grid sections gives a less
variable sample of each room as a whole. At Site 29SJ 627, the pollen
spectra from the three rooms were similar, suggesting that similar
activities occurred in each room.

Room and Feature Function

At Broken K Pueblo, Hill and Hevly (1968) attempted to relate room
function to the presence of pollen from domestic or wild plant resources
and the relative percentages of these taxa. Pollen types of ethnobotanic
importance include corn, squash, gourd, cactus, purslane, and others which
are documented in ethnographic literature as being important to modern
southwestern Indian groups for food, fuel, construction, and manufactur-
ing. There were fewer of the economically important pollen taxa in living
rooms (characterized by firepits, heating pits, mealing bins, etec.) than
in storage rooms (featureless). The relative percentages of these taxa
were also lower in living rooms than in storage rooms at Broken K Pueblo.

Palynological evidence suggests that at least limited living activi-
ties occurred in all the rooms sampled. Corn pollen was consistently
higher in percentage in the south part of the floors in Room 16, suggest-
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ing that storage or processing of corn occurred in this area throughout
the use of the room. Pollen samples from features were higher in Cheno-
Ams than samples from floors; samples from floors were higher in corn pol-
len than those from features. The total percentage of Cheno-Am pollen is
skewed by the high percentage of this taxon in a single Feature (Table
4,2).

Site 29SJ 629

Description

Site 29SJ 629 is a small village located close to Site 29SJ 627.
The site was excavated during the summers of 1975 and 1976. Initial con-
struction at this site produced a pithouse and a row of contiguous above-
ground rooms. Between the pithouse and the surface structures was a plaza
area with several large, bell-shaped cists or pits in front of the rooms.
The presence of postholes indicates that a ramada was constructed over
part of the plaza. During later construction, several rooms were added at
both ends of the site and two pit structures were built (Figure 4.11;
Windes 1978).

Initial work at 29SJ 627 focused on methodological considerations.
Several rooms were intensively sampled and the resulting material proces-
sed and analyzed. This approach resulted in a better understanding of how
sampling methodology can affect the results and interpretation of data
from pollen analysis. Excavations at 29SJ 629 provided an opportunity to
apply what was learned at 29SJ 627 and focus on questions relating to sub-
sistence and function. Samples from 29SJ 629 were taken from the floor
contact levels, and from mealing bins, storage pits, and firepits associ-
ated with the floors. The grid pattern was modified at 29SJ 629 to accom-
modate irregularly shaped rooms (Figure 4.11). Unless otherwise desig-
nated, the samples included in this report are from the last occupation
(Floor 1) of each room or pithouse.

Results of Analysis

v

Rooms 5 and 6

Rooms 5 and 6 are adjacent to one another (see Figure 4.11); since
they lack firepits, mealing bins, and other features associated with liv-
ing rooms, they may have served as storage rooms (Figures 4.12 and 4.13;
Windes 1978). '

Room 5. This room was probably constructed in the A.D. 800s, and may
be one of the earliest at the site (Windes 1978). The floor was unplas-
tered. Sampling was limited in this room because of disturbance by an ex-
tensive ant colony (Figure 4.12)., The south half of the room was repre-
sented by several pollen samples, only one of which contained adequate
pollen for analysis (FS784, see Table 4.3 for results). This sample is
characterized by the highest percentage of willow (Salix) pollen in the
site. Willows are considered to be insect pollinated, but their pollen is
often blown about by the wind and is present in low percentages in some
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Table 4.3 Pollen Results in Percentages from Floor Contact Samples,
Rooms 2, 3, 5, 6, and 9, Site 29SJ 629

ROOM 5 ROOM 6 ROOM 9

South half SW 1/4 of W 1/4 SW 1/4 of SE 1/4 NE 1/4 of SW 1/4 Room Room
FS 784 FS 2287 FS 2284 FS 2282 Total FS 789 FS 790 Total

Abies (fir)

Acer (maple)

Picea (spruce) 1 3 2

Juniperus (juniper) 5 1 1

Pinus (pine) 14 14 21 17 24 11 17
Pseudotsuga (Douglas fir)

Populus (cottonwood) 2 1
Quercus (oak) 0.4 0
Salix (willow) 4 0.4 0
Juglans (walnut)

Oleaceae (olive family) 3 2
Cheno~Ams (Chenopodiaceae-
Anaranthaceae) 58
Sarcobatus (greasewood) 0.4
Gramineae (grass family) 10
Compositae (sunflower family)
Low-spine Compositae

{spines < 2 microns)
High-spine Compositae
(spines > 2 microns)
Artemisia (sage brush) 1 3 1 2 2 1
Ephedra (Mormon tea) 2 0.4 1 1 0.4
Celtis (hackberry) 0.4

Cruciferae (mustard family) 0.4 0.1

Fraxinus (ash)
Cyperaceae (sedge family)
Leguminosae (pea family)
Liliaceae (1ily family)
Yucca (yucca)

Malvaceae (globemallow
family)

Sphaeralcea (globemallow)
Rosaceae (rose family) 1 0.3
Solanaceae (potato family)

Lycium (wolfberry)

Solanum (wild potato)

Parthenocissus (Virginia

creeper) 0.4 0.1
Scirpus (bulrush)

Opuntia (prickly pear
cactus)

Portulaca (purslane) 0.4 1 0.2
Typha (cattail) 0.4 0.1

Type A-Cactaceae

Cleome (beeweed)

Cucurbita (squash or gourd)

Zea mays (corn 2 0.4 +h% 0.1 1

Other* 3 6 5 5 1
Total 248 278 239 517 220 279 44
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Table 4.3 continued

Abies (fir)

Acer (maple)

Picea (spruce)

Juniperus (juniper)

Pinus (pine)

:—seudotsuga (Douglas fir)

Populus (cottonwood)
ercus (oak)

Salix (willow)

Juglans (walnut)

Oleaceae (olive family)

Cheno-Ams (Chenopodiaceae—

Amaranthaceae)

Sarcobatus (greasewood)

Gramineae (grass family)

Compositae (sunflower family)

Low-spine Compositae
(spines < 2 microns)
High-spine Compositae
(spines > 2 microns)
Artemisia (sage brush)
Ephedra (Mormon tea)
Celtis (hackberry)
Cruciferae (mustard family)
Praxinus (ash)
Cyperaceae (sedge family)
Leguminosae (pea family)
Liliaceae (lily family)
Yucca (yucca)

Malvaceae (globemallow
family)

Sphaeralcea (globemallow)
Rosaceae (rose family)
Solanaceae (potato family)
Lycium (wolfberry)
Solanum (wild potato)
Parthenocissus (Virginia
creeper)

Scirpus (bulrush)
Opuntia (prickly pear
cactus)

Portulaca (purslane)
Typha (cattail)

Type A-Cactaceae

Cleome (beeweed)
Cucurbita (squash or gourd)
Zea mays (corn)

Other*

Total

ROOM_2

Grid A Grid B Grid E Grid F Room
PS 331 FS 334 FS 336 FS 337 Total

1 0.2
13 15 0.4 12 10
3 0.2
56 73 5 19 42
2 3 2
9 6 89 65 35
2 1 1
1 0.1
0.3
1 0.1
1 0.3
2 1
1 0.2
0.2 0.4 0.2
1 0.4
0.2
12 2 5 2 7
0.2 0.1
403 157 228 100 888

Grid I Grid K

ROOM 3

Grid F Grid H Grid D-2 Grid D

FS 1118 Fs 1120 Fs 650 Fs 651 FS 779 FS 780

19 34
33 28
1 1
22 18
10 2
2

1

1

1 1
15 11
2 1
1

93 211
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Table 4.3 continued

ROOM 3

Grid C G6rid A Grid E  Room
FS 781 FS 1116 FS 1117 Total

Abies (fir) t 1 0.4
‘Acer (maple)

picea (spruce)

uniperus (juniper)

inus (pine) 34 3 40 31
Pseudotsuga (Douglas fir)

TPopulus (cottonwood) 1 1
Quercus (o0ak)

Salix (willow) 2 3 1
Juglans (walnut)

Oleaceae (olive family)
Cheno-Ams (Chenopodiaceae-
Amaranthaceae)

Sarcobatus {greasewood)
Gramineae (grass family)
Compositae (sunflower family)
Low-spine Compositae

(spines < 2 microns)
High-spine Compositae
{spines > 2 microns)
Artemisia (sage brush) 2 17 4 5
Ephedra (Mormon tea) 1 2 1 1
Celtis (hackberry)

Cruciferae (mustard family) 0.1
Fraxinus (ash)

Cyperaceae {sedge family)

Leguminosae (pea family) 3 1 2
Liliaceae (1lily family) 2 1
Yucca (yucca)

Malvaceae (globemallow

family) 1

Sphaeralcea (globemallow) 11 3
Rosaceae (rose family) 5
Solanaceae (potato family)

Lycium (wolfberry)

Solanum (wild potato)

Parthenocissus (Virginia

creeper

Scirpus (bulrush)

Opuntia (prickly pear
cactus 3

Portulaca (purslane) . 1
Typha (cattail)

Type A-Cactaceae 1 0.1
Cleome {beeweed)

Cucurbita (squash or gourd)

Zea mays (corn) 2 5 4 2
Other* 3 1 2
Total 195 127 75 701
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#For other taxa, see Cully (1983).
#%yhen total pollen counts less than 100, + indicates polien type noted.

2oU93ISTSQNS PUE JUSWUOATAUF 49T



Pollen Evidence 165

surface samples and occasional archeologically derived samples. In Room
5, willow branches may have been used in roofing materials. Willow was
used by the Hopis in roof construction (Whiting 1939). Cheno-Am pollen
counts were high (57.8%7). A small amount of corn (Zea mays) pollen was
recovered.

Room 6. The floor of this room was unplastered, but apparently
smoothed to reduce irregularities (Windes 1978). Sampling in this room
was also restricted to the south half (Figure 4.13). Samples from this
room were high in Cheno-Ams. Rooms 5 and 6 were roofed with an unidenti-
fied shrubby plant material (Windes 1978). It is possible that this
shrubby material may be from plants of the Cheno-Am group, which includes
saltbush (Atriplex). Such shrubby material could create an artificially
high Cheno—Am count in rooms 5 and 6. One sample, FS2284, contained cat-
tail (Typha) pollen. Cattail pollen occurs in tetrads, or groups of four.
Cattail is a wind pollinated plant that produces abundant pollen. Its
short dispersal distance (Potter and Rowley 1960) makes it unlikely to
find naturally dispersed cattail pollen in a site, unless the site 1s near
a riparian habitat. Ethnographic evidence suggests that this taxon could
have been introduced into Site 29SJ 629 on plant parts brought in for use
as food, matting, or construction (Castetter 1935; Jones 1930; Swank
1932). Whiting (1939) and Stevenson (1904) also report that cattails are
used ceremonially by the Hopis because they are associated with water.
Corn pollen was found in two of the three samples processed (Figure 4.11;
Table 4.1).

Rooms 2 and 3

According to Windes (1978), rooms 2 and 3 may have been used together
as a unit. Room 3 was probably enclosed as an extension of the ramada, in
somewhat the same way as remodeling occurred at Site 29SJ 627. Room 3 may
have been built in the late A.D. 900s, after rcoms 5, 6 and 7, and used
until abandonment of the site. Room 2 may postdate Room 3 and was prob-
ably used as an adjunct to Room 3 in the A.D. 1000s (Windes 1978). The
presence of numerous features, such as firepits, heating pits, and several
other pits of uncertain function in Room 3 and a firepit in Room 2, indi-
cates these were rooms of activities of food preparation. The presence of
burned remains of domesticated and wild foods in fill and on the floors of
these rooms reinforces this, as does the presence of certain types of pol-
len. Rodent disturbance has occurred in both rooms (Windes 1978), how-
ever, making it possible to confuse human and rodent introduction.

Room 2. This room contained a firepit (Figure 4.14). Charred vege-
tal remains were found in Layer 2 of the floor fill, including twine,
corn, beans, cactus pads, and a thick layer of material identified as
grasses (Windes 1978). Corn pollen and high percentages of grass pollen
occurred in FS336 and FS337 (88.6% and 65.0%). Although some species are
self-pollinating, most grasses are wind pollinated. Grass pollen is
spherical in shape and has one pore (Wodehouse 1959). Different species
of grasses produce pollen which is difficult to distinguish and is often
lumped into one taxon, that of the family Gramineae. As with other wind
pollinated taxa, high percentages of grass pollen in an archeological site
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suggests the use of seeds or stems. The Hopi collected Indian ricegrass
(Oryzopsis hymenoides) and dropseeds (Sporobolus cryptandrus, S. airoides,
S. giganteus, S. contractus and S. flexuosus) seeds and ground them into
meal (Whiting 1939). Six-weeks “fescue (Festuca octoflora) wad planted
with early corn and eaten by the Kayenta Navajos (Wyman and Harris 1951).
The stems of blue grama grass (Bouteloua gracilis) were used as brushes.
The stems of the common reed (Phragmites communis) were used for roofing,
arrow shafts, popes, weaving rods, and prayer sticks (Elmore 1943; Robbins
et al. 1916; Whiting 1939). High percentages of Cheno-Ams were found in
sections A and B (Table 4.3; Figure 4.14). Prickly pear cactus (Opuntia -
platyopuntia type) also was noted in sections A and B. Small percentages
of purslane pollen were identified in Section A. Section B contained bul-
rush (Cyperaceae) pollen.

Room 3. Two firepits, two heating pits, and two slab-lined pits were
found in this room. One of these slab-lined pits, Other Pit 1, was sam-
pled and analyzed for pollen (see section on Features; Table 4.4). Other
Pit 2 contained corn cob and wood fragments, and squash seeds (Toll
1981a). Corn pollen was present in nearly all the floor contact samples
from this room. Several samples contained high percentages of pollen
types that are usually present in low numbers; for example, FS11156 and
FS1120 contained high percentages of grass pollen and globemallow (family
Malvaceae) pollen. The large, echinate (spiny) pollen produced by most
members of this family are morphologically adapted to insect pollination.
Globemallow pollen (mostly Sphaeralcea type) is common in low percentages
in surface and archeological samples; however, high percentages of this
type in samples from archeological sites suggest introduction of other
plant parts. Ethnobotanical accounts of the use of Spaeralcea describe
medicinal uses. At the Hopi villages, the root is chewed or boiled for
broken bones, or taken with cactus roots for bad digestion (Whiting 1939),
while at Picuris the root was pounded up, water added and the paste
applied over a broken bone that had been set. After drying it formed a
cast (Krenetsky 1964). Section A contained a high percentage of sagebrush
(Artemisia) pollen (Table 4.3). The high percentage of this wind
pollinated genus may be due to the use of sagebrush for fuel. The dry
bushes are used by the Tewas for fuel (Robbins et al. 1916). Various
species of sagebrush are used by the Navajos. Big sagebrush (A.
tridentata) is taken in an 1infusion for headache, colds, fevers, and
before great physical exertion (Elmore 1943; Wyman and Harris 1951). At
Hopi, false tarragon (A. dracunculoides) leaves were gathered, baked
between hot stones, and dipped in salted water before eating (Whiting
1939). Welsh (1978) reports big sagebrush (Artemisia tridentata) remains
in the charcoal from Heating Pit 1 (Figure 4.12).

In both rooms 2 and 3, sampling by grids has revealed an interesting
array of pollen types from various locations (Figures 4.14 and 4.15). To
a certain extent, flotation remains reflect this variety of taxa (although
not necessarily the same taxa indicated by pollen analysis) and the same
patchiness of distribution. Room 3 contained a diversity of plant items
in flotation samples, including winged pigweed (Cycloloma atriplicifolium)
seeds, a globemallow (Sphaeralcea) seed, as well as Cheno-Ams, purslane
(Portulaca, tansy mustard (Descurainia), stickleaf (Mentzelia), spurge
(Euphorbia), and burned corn cupules (FS1112, 1114, 654, 653; Toll 198la).
In Room 2 a wide variety of plant types occurred in flotation also, for




Table 4.4 Pollen Results in Percentages from Plaza Area, Pithouses and Features, Site 295J 629

PLAZA AREA PITHOUSE 1/KIVA PITHOUSE 2 PITHOUSE 3

Plaza Grid 8 .

Section F

Level 3 SE Quad. Central Area SW Quad. SE Quad. Room
FS 1494 FS 2066 PS 337 FS 2623 FS 2619 FS 2620 Total

Ables (fir) 5 2 2 2 1
Acer (maple)
Picea (spruce) 1
Juniperus (juniper) 0.4 1 2
Pinus (pine) 11 20 44 5 16 24 17
Pseudotsuga (Douglas fir)
Populus (cottonwood) 0.3 0.4 0.3
Quercus (oak)
Salix (willow) 0.4
Juglans (walnut)
Oleaceae (olive family) 0.4 1 0.4 0.1
Cheno-Ams (Chenopodiaceae~
Amaranthaceae) 47 51 32 2 3 6 4
Sarcobatus (gre d) 0.4 8 2 9 0.4 4
Gramineae (grass family) 10 1 4 6 4 3 4
Compositae (sunflower family) 1 1 2 1 1 1

Low-spine Compositae
(spines < 2 microns)
High-spine Compositae
(spines > 2 microns)

Artemisia (sage brush) 3 4 1 2 3 2
Ephedra (Mormon tea) 3 2 2

Celtis (hackberry) 0.3 0.4 0.3
Cruciferae (mustard family) 1 1

Fraxinus (ash)
Cyperaceae (sedge family)
Leguminosae (pea family) 2 1 1 1 1
Liliaceae (lily family) 0.4
Yucca (yucca)
Malvaceae (globemallow
family) 0.4
Sphaeralcea (globemallow) 0.3 1 1
Rosaceae (rose family)
Solanaceae (potato family)
Lycium (wolfberry)
Solanum (wild potato)
Parthenocissus (Virginia
creeper) 0.4
Scirpus (bulrush)
untia (prickly pear

cactus 2 7 1 4 4
Portulaca (purslane)

Typha (cattail) 0.4 2 1 1
Type A-Cactaceae 1 3 1

Cleome (beeweed)

Cucurbita (squash or gourd)

Zea mays (corn) 17 2 1 73 56 55 59
Other#* 3 1 5 1 1 1
Total 258 223 188 118 263 225 606
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Table 4.4 continued.

FEATURES
Room 3
OP1, Fl.12 OPl4, L7 Pit 6 Feature
FS 2094 FS 2066 FS5 1237 Totals "
Abies (fir) 5 2 2
Acer (maple)
Picea (spruce) 1 0.1
Juniperus (juniper) 1 1 1
:inua (pine) 11 3 7 8
Pseudotsuga (Douglas fir)
opulus (cottonwood) 2 1
Quercus (oak)
Salix (willow)
Juglans (walnut) |
Oleaceae (olive family) |
Cheno-Ams (Chenopod1
Amaranthaceae) 37 14 7 19 R ‘
Sarcobatus (greasewood) 1 0.3 |
Gramineae (grass family) 9 1 75 34 .
Compositae (sunflower family) 2 2 1 1 ‘

(spines 2 < microns)

High~spine Compositae

(spines 2 > microns)

Artemisia (sage brush) 4 4 2
Ephedra {Mormon tea)

Celtis (hackberry)

Cruciferae (mustard family)

Fraxinus (ash)

Cyperaceae (sedge family)

Leguminosae (pea family) 2 1
Liliacea (1lily family)

Yucea (yucca)

Malvaceae (globemallow

family)

Sphaeralcea (globemallow)

Rosacea (rose family)

Solanaceae (potato family)

Lycium (wolfberry)

Solanum (wild potato)

Parthenocissus (Virginia

creeper) 1 0.3 0.3
Scirpus (bulrush)

Opuntia (prickly pear

cactus) 2 2 0.2
Portulaca (purslane)

Typha (cattail)

Low-spine Compositae ’ . ‘

Type A-Cactaceae 1 1
Cleome (beeweed)

Cucurbita (squash or gourd) 2 1
Zea mays (corn) 19 70 11 26
Other* 5 1 1 2
Total 205 113 222 540

*For other pollen taxa, see Cully, (1983).
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example, sand dropseed (Sporobolus cryptandrus), evening primrose (Oeno-
thera albicaulis), bulrush (Scirpus), and beeweed (Cleome). While the
possibility of contamination by rodent activity must be considered, the
diversity and abundance of cultivated and wild plant taxa found in pollen
and flotation samples may be the result of using different areas for
temporary storage or preparation of various plant resources.

Room 9

Room 9 was a partially enclosed room, containing three masonry bins,
one slab-lined firepit, a heating pit, and another pit (Figure 4.16).
There was no evidence that the floor had been prepared. Turkey eggshell
fragments were found on the floor. This room, along with Room 8, was
probably added at a later date to the central room block (Windes 1978).
Room 9 is similar in construction to Room 3.

Pollen analysis of 2 samples from near bins 2 and 3 resulted in a
small amount of corn pollen and high amounts of Cheno-Am pollen (Table
4.3; Figure 4.16). Pollen from the family Cypéraceae was found in FS789.
This family contains the genus Scirpus. The pollen may be associated with
the Scirpus remains found in the flotation from Feature 2 (Toll 198la).
Ethnographic studies mention only the use of roots and shoots of this spe-
cles (Swank 1932). Bulrush seeds have also been found at Salmon Ruin
(Adams 1980), suggesting that seeds may also have been used in the past.
Grass pollen was extremely low in both samples. Corn remains were found
in the flotation sample from Bin 2, along with burned saltbush (Atriplex
canescene, tansy mustard, and bulrush (Scirpus) seeds (Toll 198la). Corn
and winged pigweed seeds were found in front of Bin 3 (FS787; Toll
1981a).

Overall, samples from Room 9 exhibit differences in several important
taxa compared to those from the other living rooms. For example, percent-
ages of Cheno-Ams from the combined counts of two samples from Room 9 is
79%. Combined counts from Room 2 equalled 42% (although single samples
from this room range from 427 to 73%). The Cheno-Am percentage from all
samples in Room 3 equalled 277, with single samples varying from 117 to
33% (see Table 4.3). Gramineae pollen in total for Room 2 is 35%, Room 3,
117, and Room 9, 37%. The differences in pollen results may be due to dif-
ferences in utilization of these rooms, although flotation remains from
both contain similar items, such as charred corn, purslane, etc.

Plaza Area

The plaza and ramada areas east of rooms 5 and 7 and between rooms 3
and 9 (Figure 4.17) were not remodeled into enclosed rooms as at Site 29SJ
627. "However, the plaza contained many features, such as firepits, post
holes, and bell-shaped cists. With a ramada roof, part of this area was
presumably used for 1living space, where activities involving processing
and storage of plant resources took place.

The pollen sample taken from within Other Pit 14 (one of the bell-
shaped cists, Figures 4.14 and 4.20), was extremely high in corn pollen
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(Table 4.4). FS1494, taken from between Other Pit 14 and the wall of Room
9 also contained corn pollen. This may result from the proximity of stor-
age pits 3, 4 and l4. FS1494 also contained squash or gourd (Cucurbita)
pollen. Pollen from this genus is large and spiny. Squash and gourds are
insect pollinated; Cucurbita pollen is unlikely to be part of the normal
pollen rain. Its presence indicates the storage or use of squash or gourd
in immediate area. Cattail pollen was noted in this sample as well. Corn
was found in three flotation samples from nearby Other Pit 14, and cob
fragments from the macro-remains (Toll 1981a).

Pithouses

Pithouse 3. This pithouse was constructed around A.D. 925, probably
during the second phase of construction at 29SJ 629. This was the most
rewarding of the pithouse structures in terms of pollen analysis. Three
of the five samples analyzed form this pithouse combined adequate numbers
of pollen grains for counting. These three samples, FS2623, FS2619, and
FS2620, from the central area and the south half of the pithouse (Figure
4.18), contained extremely high percentages of corn pollen (Table 4.3;
Figure 4.18). These are the highest percentages of corn pollen found at
29SJ 629 (with the exception of Other Pit 14 in the plaza area). In addi-
tion to their great numbers, the pollen grains occurred at times in
clumps. High relative percentages of corn pollen in archeological sites
have been interpreted as the result of introduction with corn which was
being processed or stored (Fish 1981; Hill and Hevly 1968), or as the re-
sult of medicinal or ceremonial use of pollen (Bohrer 1980). High per-
centages of greasewood (Sarcobatus) pollen were found in the southwest
quadrant of Pithouse 3. Greasewood is one of the few chenopodiaceous
shrubs whose pollen can be distinguished from other Cheno—-Ams. The woody
stems of this shrub may have been used as fuel in Pithouse 3. Such uses
for greasewood are described by Whiting (1939) at Hopi. Cattail and
prickly pear cactus pollen was also identified in this sample.

The floor of Pithouse 3 was unplastered and contained twelve pits,
including a heating pit and a firepit. Heating Pit 1 contained a layer of
charred sagebrush remains (Windes 1978).

Pithouse 2. Three floors were found in Pithouse 2; Floor 1 was plas-
tered, and contained a firepit, mealing bins, and other features (Figure
4.19). Floor 2 underlies Floor 1 in a small area of the pithouse. FS337
was taken from Subfloor Layer 1, near the mealing bins in the southwest
quadrant, and contained a low frequency of both corn and prickly pear pol-
len. Corn remains were found in flotation samples from Floor 1, from the
mealing bins in Floor 2, and from the central firepit (Toll 198la). This
pithouse was constructed for domestic use in the first phase of building
at the site (A.D. 875), may have been used for ceremonial purposes later
(Windes 1978).

Pithouse 1/Kiva. The Kiva was built in part over Pithouse 2 (Figures
4.2 and 4.20) sometime around A.D. 1100. Most of the other rooms at 29SJ
629 were abandoned at this time (Windes 1978). Four of the five pollen
samples from this room yielded very low counts. However, the sample from
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the northeast quarter of the room did yield adequate numbers of pollen.
In comparison to Pithouse 3, the percent of corn pollen is low (2.0%). A
tetrad (a group of four grains) of cattail (Typha) pollen was present,
The pollen was probably introduced by man with other cattail plant parts
to be used in matting (Castetter 1935) or perhaps ceremonially (Stevenson
1904; Whiting 1939).

Features

Two bell-shaped cists or pits from the ramada area in front of rooms
5 and 6 were sampled (Figure 4.11). These pits were apparently construc-
ted as storage features along with the aboveground rooms 5, 6, and 7.
They were filled with trash and sealed about the same time as the abandon-
ment of Pithouse 3 (ca. A.D. 1000; Windes 1978). Presumably, the trash
consisted of debris from various tasks carried out on the occupation sur-
face of the plaza area, thus pollen samples might reflect vegetal debris
from these activities as well as the storage of plant foods in the cists.
Pollen samples from both cists contained 197% and 70% corn pollen respect-
ively (Table 4.4). Cucurbit and prickly pear pollen were found in a
sample from Other Pit 1. Toll (198la) reports corn and cucurbit remains
from a flotation sample taken from the floor of Other Pit 1 (FS2008) and
corn from all three flotation samples taken from Other Pit 14 (FS2690,
FS2770, and FS3099), as well as cob fragments in the macro-remains.
Cucurbit remains occurred in flotation sample FS2690.

The pollen sample from Other Pit 1 (Firepit 6; Figure 4.3) in Room 3
contained 11% corn pollen and 75% grass pollen. Toll (198la) reports corn
in flotation remains from this pit, and Windes (1978) reports corn cobs
were located in the sub-floor of Room 3.

Room and Feature Functions

During the last stages of occupation at Site 29SJ 629, rooms 5 and 6
were probably used contemporaneously with rooms 2, 3, and 9. Pollen sam—
ples processed and analyzed from the last occupied floors of these rooms
are roughly comparable in chronological terms. The dichotomy in room
function based on presence or absence of features and diversity and abun-
dance of economic pollen types observed by Hill and Hevly (1968) at Broken
K Pueblo seems to be present in this portion of the small village site in
Chaco Canyon as well. Rooms 5 and 6 were probably used for storage or for
non-food related activities; rooms 2 and 3 contained features character-
istic of living rooms. Pollen samples from Room 2 did contain the highest
numbers of economic pollen taxa and the highest percentage of corn pollen
of the four rooms (Table 4.3). Rooms 3 and 9 contained one more econom—
ically important taxon than rooms 5 and 6.

In the tub or storage rooms, the high percentage of Cheno—-Am pollen
may be the result of the use of chenopodiaceous shrubs in roof construc-
tion. Cattail and willow may also have been used in construction. The
small percentages of corn pollen may be the result of storage for future
use; however, activities completely unrelated to plant processing or stor-
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age may have been of major importance in these rooms (Windes 1978), with
consequent lower numbers and percentages of economic taxa.

The living rooms contained a highly variable array of pollen types in
various locations. Corn pollen was present in nearly all the grid samples
from rooms 2 and 3 and in the two samples from Room 9. Prickly pear cac-
tus, purslane, and plants of the bulrush family may have been processed
and stored. Globemallow may have been brought in to be used for medicinal
purposes. High percentages of sagebrush pollen indicates the use of sage-
brush for fuel. High percentages of Cheno-Ams suggest the use of cheno-
podiaceous shrubs for fuel or construction, or the use of shrubby or
herbaceous taxa for food.

The plaza area also contained many firepits, storage pits, and other
pits of uncertain functions (Windes 1978). Presumbly, many activities in-
volving food storage and processing were carried out in the plaza as well
as the living rooms. The single productive pollen sample from Grid 8 con-
tained taxa from several cultivars and wild plant resources (Table 4.3).
The presence of corn and cucurbit pollen in this grid may be due to the
proximity of the sample location to several pits, which may have been used
for storage or which included debris swept in from the surrounding sur-
faces. '

Plaza features Other Pit 1 and 14 were in use from the first building
phase until about A.D. 1000, when rooms 2, 3, 8, and 9 were completed and
many, if not all of the domestic activities had shifted to aboveground
rooms (Windes 1978). As the pits were abandoned, they were filled with
trash and debris and plugged, so the high percentages of corn pollen and
the presence of cucurbit, grass, and prickly pear cactus pollen may be re-
lated to the debris rather than storage of these taxa in the pits them-
selves. The extremely high percentage of corn pollen in Other Pit 14
(Table 4.4) suggests however, that corn was stored in this pit while it
was 1n use. Both corn and squash may have been stored in Other Pit 1.
Flotation analysis provides good corroboration here; flotation samples
from these locations contained wild and cultivated plant remains. The
flotation evidence suggests both plaza debris (charred, firepit-like
assemblages) and original storage functions (unburned cultivars and
nonlocal wild economics (Toll 198la).

Other Pit 1 (Firepit 6) in Room 3 contailned high percentages of grass
pollen. The introduction of this pollen type may have occurred when grass
seeds were being parched over a fire, as described by (Castetter 1935).
The grass pollen present in this pit may have been introduced in a similar
way.

Pithouse 3 was abandoned at about the same time as the large bell-
shaped pits in the plaza were filled and sealed. The pithouse contained a
firepit, heating pit, and numerous other pits suggestive of living or do-
mestic activities. Windes (1978) suggests that this pithouse may repre-
sent a transition between domestic and ceremonial functions in subterrane-
an rooms and that activities in Pithouse 3 may have actually been of a
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ceremonial nature. The most remarkable characteristic of the pollen sam—
ples from this pithouse is the extremely high percentage of corn pollen
(Table 4.3). High relative percentages of corn pollen in features of
archeological sites have been interpreted as the result of the processing
and storing of corn (Fish 1981; Hill and Hevly 1968). Fish (1981) inter-
prets high percentages from floors or feature samples as evidence of pri-
mary introduction of corn, that is, immediately after harvesting. Pit-
house 3 may have been used for the initial or primary storage of corn
immediately after harvesting. By Hill and Hevly's criterion, Pithouse 3
would be called a living room because of the high percentage of a major
economic pollen type, although the extremely high percentage of corn
pollen suggests a special function for this room. Alternatively, the high
percentages and the clumped or aggregated corn pollen grains suggest a
special, possibly ceremonial origin. While samples from most kivas are
low in economic type pollen (Cully 1977a; Fish 1981; Hill and Hevly 1968),
Bohrer (1980) reports high percentages and aggregated grains of corn
pollen from several proveniences in kivas at Salmon Ruin in northwestern
New Mexico. Prickly pear cactus may also have been stored or prepared in
the pithouse. The presence of cattail pollen suggests the use of cattails
for matting, perhaps for ceremonials. The presence of greasewood pollen
suggests the use of this shrub as fuel.

Pithouse 2 was in use nearly throughout the entire occupation of the
site. In the early stages, the function of the pithouse was probably al-
most entirely domestic; however, with the addition of aboveground rooms,
living or domestic activities shifted to these locations, and Pithouse 2
may have been used for ceremonial purposes (Windes 1978). The single sam-
ple from between the later floors at this site suggests at least some do-
mestic activities in this room. The presence of corn and prickly pear
cactus pollen may be due to grinding corn and cactus fruits and stems in
the mealing bins nearby (Figure 4.19).

Activities involving the storage and preparation of plant foods seems
to have centered around rooms 2 and 3 and probably Room 9 as well. Many
of these activities were also carried out in the plaza area. The storage
or tub rooms (5 and 6) may have been the center of other, non-plant relat-
ed activities. Pithouse 3 and the large bell-shaped cists in the plaza
may have been the sites of the initial or primary storage of corn immedi-
ately after harvesting. The abandonment of both the bell-shaped pits and
Pithouse 3 at about the same time may be coincidental or related to some
other changes going on in the site; however, it does suggest that these
two proveniences shared a storage function. Alternatively, Pithouse 3 may
have served primarily as a ceremonial room. The storage pits in the plaza
may have been sealed as more aboveground rooms were available for these
purposes. The ceremonial functions in Pithouse 3 could have shifted to
Pithouse 2 as the aboveground rooms became more frequently used for living
activities; however, the samples from the last occupation of rooms 2, 3,
5, 6 and 9, Pithouse 2, and the Kiva did not contain similarly high corn
pollen percentages. This may be due to sampling error; only a few samples
with adequate pollen counts were available from Room 9, Pithouse 2, and
the Kiva. It also suggests that there may have been a change in the
nature of occupation of the site as a whole (perhaps from seasonal to
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year-round). High relative percentages of corn pollen in the rooms occu-
pied until abandonment may have been lowered by influxes of pollen from
other economically important taxa that were brought into the site and used
immediately or stored to be used year-round.

Pueblo Alto
Description

Pueblo Alto, a large, complex structure (Figure 4.21), was occupied
at the same time as many of the smaller village sites located in Chaco
Canyon. Several of the excavated sites, 29SJ 627 (Truell 1981) and
29SJ 629 (Windes 1978) were extensively sampled for pollen, flotation, and
macrobotanical remains in an effort to identify plant resources. The ex-
cavations at Pueblo Alto have made it possible to compare information on
subsistence from the small sites and a large structure to determine wheth-
er the inhabitants of these two different site types were utilizing dif-
ferent resources. Human coprolites were also found at Pueble Alto, and
their study (Clary 1981) allowed a comparison on coprolite pollen with
pollen from soil samples at the same site.

Results of Analysis

West Roomblock

The upper floors of two of the excavated rooms in this block con-
tained mealing bins, heating pits, firepits, and burned areas on the floor
surfaces (Figures 4.22-4.26). Room 110 contained mealing bins, firepits,
postholes, and other pits (Figure 4.23). The first floor consisted of
eight or nine different surfaces, none of which extended throughout the
room. The floor contact samples described here represent last use of the
roome.

Windes (1980) believes that Room 110 was originally paired with Room
112 (Figure 4.22) and the rooms were used as a unit. Archeomagnetic dates
taken from Floor 1 in both rooms yielded dates which indicated contempo-
rary occupation of the two rooms (Windes 1980).

The relationship of Room 229 to its neighbors (rooms 110 and 112) is
not clear. Rooms 110 and 112 were originally paired by a connecting door-
way; the door between rooms 229 and 112 appears to be a later addition
(Windes 1980). Ceramic and absolute dates suggest contemporaneity of the
floors from these rooms, making it possible to compare pollen results from
a functional point of view. :

Several major differences are evident in the plan views of rooms 110,
112, and 229. FRoom 110 contains a formal firepit and many other features,
while rooms 112 and 229 do not. These latter two do have, however, numer-
ous burned areas on the floor surfaces. Mealing bins are present in Room
110, but not in 112 or 229. A sealed partition was found in the north
part of Room 110. It appears that these rooms were used for different
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purposes and results from pollen analysis may be expected to reflect these
functional differences.

Room 110. Several taxa of economic importance were found in Room
110. Corn pollen was found in eight of nine grid samples (see Table 4.5).
Cucurbit, beeweed, purslane, cattail, and prickly pear pollen grains were
also found in various grid samples (Figure 4.23). Grid 11 contained corn,
cucurbit, purslane, and beeweed pollen. Another sample from Grid 1, which
included the floor behind the sealed partition contained a high percentage
of corn pollen.

A row of six mealing bins was found in Room 110 (Figure 4.23). Meal-
ing bins 1, 2, and 3, were chosen for sampling. The bins were constructed
during use of the.earlier surfaces of Floor 1; they continued in use until
the end of the occupation of Floor 1 and are contemporary with floor sam-
ples from the last occupation of the room. These bins contained high per-
centages of corn pollen (Figure 4,23). Corn was associated with cucurbit,
beeweed, and purslane pollen were in Bin 2 and with cucurbit pollen in Bin
3.

Room 112. In Room 112, three composite samples were formed from sep—
arate grid samples (Figures 4.22 and 4.24). This room lacked the features
(firepit, mealing bins, partitions, etc.) present in Room 110, but did
contain burned areas on the floor. How or why these areas became burned
is not clear. While the burning of shrubby or woody material may have
caused the burned spots, there was little pollen evidence for use of such
fuel, i.e., the percentage of pine, greasewood, sagebrush, and juniper
pollen were low (Table 4.5). All sections of the room contained corn pol-
len. The south section contained an extremely high percentage of cattail
pollen (22%; Table 4.5 and Figure 4.24). The abundance of this normally
scarce pollen type may indicate the storage or use of cattail plants for
matting or food.

Room 229. Room 229 also lacked floor features and contained many
burned areas. Individual samples from this room were made into north and
south composite samples (Figures 4.22 and 4.25). Corn pollen was found in
both sections of the room. Cucurbit and Type A - Cactaceae pollen oc-
curred in the northern section also. An extremely high percentage of
greasewood pollen (31%) was encountered in the southern portion of the
room. Since most of the burned areas are in the south portion, it is
tempting to speculate that the greasewood pollen is assoclated with burn-
ing of this shrub.

Room 103. Windes (1980) considers Room 103 to be part of another
suite of rooms. Only one room of this suite was excavated (Figure 4.22).
During the first year of excavation, this room was sampled for pollen and
flotation in order to conduct a contamination test. Samples were taken
from the same grid section at timed intervals to see if an increase in ex-
posure time caused an increase in contamination from modern pollen rain
(Cully 1977a). Grid C (Figure 4.26) was focus of the test. This area of
Room 103 was excavated to several centimeters above the floor surface and
then covered with a plastic sheet until the contamination study could be-
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Table 4.5 Pollen Results in Percentages, West Roomblock,

ROOM 110

Grid 7 Grid 11 Grid 13
FS 5511 FS 5513 F$ 5515

Grid 15 Grid 17
FS 5516 FS 5518

Abies (fir)

Acer (maple)

Picea (spruce)

Juniperus (juniper)

Pinus (pine)

Pseudotsuga (Douglas fir)
Populus (cottonwood)

Quercus (oak)
Salix (willow)

Juglans (walnut)

Oleaceae (olive family)
Cheno-Ams (Chenopodiaceae—
Amaranthaceae) .
Sarcobatus (greasewood)
Gramineae (grass family)
Compositae (sunflower family)
Low-spine Compositae
(spines < 2 microns)
High-spine Compositae
(spines > 2 microns)
Artemisia (sage brush)
Ephedra (Mormon tea)
Celtis (hackberry)
Cruciferae (mustard family)
Fraxinus (ash)

Cyperaceae (sedge family)
Leguminoseae (pea family)
Liliaceae (1lily family)
Yucca (yucca)

Malvaceae (globemallow
family)

Sphaeralcea (glrbemallow)
Rosaceae (rose family)
Solanaceae {potato family)
Lycium (wolfberry)

Solanum (wild potato)
Parthenocissus (Virginia
creeper)

Scirpus (bulrush)

Opuntia (prickly pear
cactus)

Portulaca (purslane)

Typha (cattail)

Type A-Cactaceae

Cleome (beeweed)

Cucurbita (squash or gourd)
Zea mays (corn)

Other*

Total

1

40

1 5
67 42
0.5
1 9
1 1
11 5
2 2
1 1
4
3 2
0.4
1 12
1
1
0.4
1% 0.4
2
0.4
1 0.4
+ 14 14
1
236 263
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Table 4.5 continued

ROOM 112 ROOM 229 ROOM 103

North Central South Room North South Room Room
Composite Composite Composite Total Composite Composite Total ¢rid C Grid E Total

Abies (fir) 1 1 1 1
Acer (maple) 2 1 1 3 0.2
Picea (spruce)
Juniperus (juniper) 0.4 0.1 1 0.3 1
Pinus (pine) 47 45 21 37 25 22 23 92 37 54
:’seudotsgga (Douglas fir)
Populus (cottonwood)
ercus (oak)
Salix (willow) 1 0.3 1 1 1 0.3
Juglans (walnut)
Oleaceae (olive family) 2 1
Cheno-Ams (Chenopodiaceae—
Amaranthaceae) 24 23%% 27 24 31 12 17 3 35 25
Sarcobatus (greasewood) 1 1 0.3 31 24
Gramineae (grass family) 7 7 7 7 16 8 10 3 11 8
Compositae (sunflower family)
Low-spine Compositae
(spines < 2 microns) 3 4 2.5 7 2 5 3
High-spine Compositae .
(spines > 2 microns) 2 1 1
Artemisia (sage brush) 1 1 7 3.1 3
Ephedra (Mormon tea) 1 1 1 1 1 1 1
Celtis (hackberry)
Cruciferae (mustard family) 0.3 0.2
Fraxinus (ash)
Cyperaceae (sedge family)
Leguminosae (pea family) 5 5 3 4 3 1 2 1
Liliaceae (1lily family) 1 0.1 0.1 ' 0.3 0.2
Yucca (yucca)
Malvaceae (globemallow
family)
Sphaeralcea (globemallow)
Rosaceae (rose family)
Solanaceae (potato family) 1 0.3 0.3 0.2
Lycium (wolfberry)
Solanum (wild potato)
Parthenocissus (Virginia
creeper)
Scirpus (bulrush)
Opuntia (prickly pear
cactus 1 0.4 0
Portulaca (purslane) 1 1 1 1
Typha (cattail) ) 22 8
Type A-Cactaceae 1 0.2
Cleome (beeweed)
Cucurbita (squash or gourd)
Zea mays {corn) 7 14 3 8
Other* 1 . 1 3 1
Total 221 211 245 677 10

19 16 1 1 1
0.3 1 1 1
320 426 100 222 322

P RV- I

#For other taxa, see Cully (1983b).
*%Pollen found in aggregates of clumps.
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gin. The first sample from Grid C contained a very high percentage of
pine pollen (Table 4.5). It is possible that contamination from the ambi-
ent pollen rain had already occurred in spite of the plastic cover. Grid
E, which was not part of the contamination test, contained a lower per-
centage of pine and an unusually high percentage of prickly pear cactus
pollen. Both samples contained low percentages of corn pollen. Samples
from sections D and F did not contain pollen (see Table 4.5).

The function of Room 103 is difficult to determine. The presence of
a large number of heating pits and partition walls indicates that the room
was not used for storage. Pollen results are essentially unreliable
because of the possibility of contamination of the samples which were
processed from this room; therefore, they have not been considered in
succeeding discussions of room function.

North Roomblock

In the North Roomblock, Windes (1980) describes suites or units of
several rooms (Figure 4.27). Rooms 138 and 139 were part of the first
construction; Room 142 and the corridor room (143) were added later, fol-
lowed by rooms 145 and 146 created from subdivisions of rooms 139 and 142
respectively, and finally, the enclosure of Room 147. The upper floors of
these rooms were probably in use at the same time during the early 1100s,
and the rooms can be compared functionally, as in the West Roomblock.

Room 139. In Room 139, Floor 1 contained a burned area, postholes,
and several other pits (Figure 4.28). Doorways gave access to rooms 138,
142, 144, and 145. Since firepits, mealing bins, and other kinds of fea-
tures characteristically associated with habitation rooms are missing, it
seems reasonable to assume a storage function for this room. The pollen
data are quite different, however, from those of rooms 112 and 229, the
suggested storage rooms from the West Roomblock. Economic pollen from
wild plants (beeweed, purslane, cattail, etc.) and from cucurbits is en-
tirely lacking. Corn pollen is present in very low percentages in the
east and central portion, and absent in the western portion of the room
(Figure 4.28, Table 4.6), though Cheno-Am percentages are high. Factors
such as introduction of Cheno-Am pollen on plants, differing exposure to
the outside pollen rain and exposure after abandonment could have produced
these high percentages.

Room 145. Room 145 was the result of remodeling of the east end of
Room 139. Access to this room was from Room 139 on the west and from Room
148 on the east. Two postholes and a burned area were found on Floor 1.
Sampling in Room 145 followed the grid plan developed for site 29SJ 627 in
Chaco Canyon (Cully 1977a; Struever 1977) and is slightly different from
the modified version used in the rest of the rooms in Pueblo Alto (Figures
4,27 and 4.28). Both composite samples from this room were low in pollen
grains. No pollen from economic taxa was found.

Room 142. Floor 1 of Room 142 contained a central row of postholes,
several small pits, and burned areas. No firepits or heating pits were
present. Doorways opened to Room 139 on the north, and Room 143 on the
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Abies (fir)

Acer (maple)

Picea (spruce)

Juniperus (juniper)

Pinus (pine)

Pseudotsuga (Douglas fir)
Populus {cottonwood)
Quercus (oak)

Salix (willow)

Juglans (walnut)

Oleaceae (olive family)
Cheno~-Ams (Chenopodiaceae-
Amaranthaceae)

Sarcobatus (greasewood)
Gramineae (grass family)
Compositae (sunflower family)
Low-spine Compositae
(spines < 2 microns)
High-spine Compositae
(spines > 2 microns)
Artemisia (sagebrush)
Ephedra (Mormon tea)
Celtis (hackberry)
Cruciferae (mustard family)
Fraxinus (ash)

Cyperaceae (sedge family)
Leguminosea (pea family)
Liliaceae (1ily family)
Yucca (yucca)

Malvaceae (globemallow
family)

Sphaeralcea {globemallow)
Rosaceae (rose family)
‘Solanaceae {potato family)
Lycium (wolfberry)

Solanum (wild potato)
Parthenocissus (Virginia
creeper)

Scirpus (bulrush)

Opuntia (prickly pear
cactus)

Portulaca (purslane)

Typha (cattail)

Type A-Cactaceae

Cleome (beeweed)

Cucurbita (squash or gourd)
Zea mays (corn)

Other*

Total

Table 4.6 Pollen Results

East
Composite

RooM 139

Central
Composite

West Room
Composite Total

East
Composite

ROOM 142

Central
Composite

in Percentages, North Roomblock, Pueblo Alto

West Room
Composite Total
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Table 4.6 continued.

ROOM 143

West FS 6795 Room
Composite East Total

Ables (fir) 12 6 10
Acer (maple) 1 1
Picea (spruce)

Juniperus (juniper) 2 1
Pinus (pine) 20 14 18
Pseudotsuga (Dougla fir) ’
Populus (cottonwood)

Quercus (oak)

Salix (willow)

Juglans (walnut)

Oleaceae (olive family)
Cheno-Ams (Chenvpodiaceae-
Amaranthaceae)

Sarcobatus (greasewood)
Gramineae (grass family)
Compositae (sunflower family)
Low-spine Compositae

(spines < 2 microns)
High-spine Compositae
(spines > 2 microns)
Artemisia (sagebrush) 3 17
Ephedra (Mormon tea) 1 4
Celtis (hackberry)

Cruciferae (mustard family)

Fraxinus (ash)

Cyperaceae (sedge family)

Leguminosae (pea family) 1 1
Liliaceae (1ily family) 1 1 3
Yucca (yucca)

Malvaceae (globemallow

family) 1 1
Sphaeralcea (globemallow)

Rosaceae (rose family)

Solanaceae (potato family)

Lucium (wolfberry)

Solanum (wild potato)

Parthenocissus (Virginia

creeper

Scirpus (bulrush)

Opuntia (prickly pear

cactus) 1 1
Portulaca (purslane)

Typha (cattail)

Type A-Cactaceae

Cleome (beeweed)

Cucurbita (squash or gourd)

"3

wwwo
—

W e

[XRY-)

Zea mays (corn) 2 5 3
Other* 2
Total 159 114 273

*For other taxa, see Cully (1983b).
+Total pollen count less than 100, taxon noted in sample.

ROOM 147

East
Composite

2

w

& O n

201
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196 Environment and Subsistence

south (Figures 4.29). There was apparently no access to Room 146, which
was created from a remodeling of the east end of Room 142.

Results of pollen analysis are similar to those in Room 139. Com-
posite samples contained low percentages of corn pollen in the east and
central portions of the rooms. The west composite sample count was low,
with one corn pollen grain out of 37 total grains. No beeweed, cattail,
or purslane pollen was noted in any of the samples (Table 4.6).

" Fir pollen was 87 and 12% respectively for the east and central por-
tions, and was also present in the single sample from the west end, for a
combined percentage of 8%Z. Fir pollen is not present in any of the sur-
face stations or subsurface samples reported by Hall (1977); this taxon
was noted by Cully (1977a) at a surface station near Site 29SJ 627 in
Marcia's Rincon.

Room 147. In the earlier building stages, Room 147 was an open
plaza, which was completely enclosed later and became a room (see Figure
4.30). Features in the room include a slab-lined firepit, several heating
pits, and other pits (see section on Features for description of pollen
analysis from heating pits and firepits).

Two composite samples were made from the east and west sections of
the room. The west section sample was low in numbers of pollen grains.
Corn pollen was present in small amounts in the east section and was not
found in the west section of the room (Table 4.6). One prickly pear cac-
tus pollen grain was also found in the east section. No other economic
pollen was found in spite of the presence of features associated with
habitation rooms.

Room 143. Room 143 is one of a series of narrow corridor rooms
(Windes 1980) and runs along the south end of rooms 142, 146, and 147.
Access to this room was at the east end, and central doorways in turn
opened into rooms 147 and 142 (Figure 4.31). In the east end, Floor 1
contained a row of postholes and one heating pit. The west end contained
heating pits, burned areas, and another pit.

In the composite sample from the west end and in the single sample
from the east end, the fir pollen percentage was very high (Table 4.6;
Figure 4.31). Sagebrush pollen was also high in the east, suggesting the
presence of shrubby parts of the plant for ceremonial use. or for use as
fuel. Corn pollen was present in both east and west portions of the
room.

The presence of heating pits and a raised sleeping platform (Figure
4.,31) indicates that this room was in part used as a living room. Room
143 may have had other functions as well, e.g., large amounts of fir pol-
len suggest the presence of fir boughs, perhaps for use as ceremonial
items. Corn pollen may have resulted from food preparation activities.

Other Locations

Plaza Feature 1. Plaza Feature 1 (Figure 4.21 and 4.32) is a small,
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Pollen Evidence 201

separate roomblock located in the main plaza. The feature was constructed
in the later stages of occupation at Pueblo Alto. Room 3 contained three
deep ovens. Two ovens contained charcoal of white fir (Abies concolor),
ponderosa pine (Pinus ponderosa), pinyon pine, juniper, and a small amount
of Populus (cottonwood or aspen) wood (Welsh 1978), indicating substantial
fires in the pits. In terms of numbers of pieces, pinyon is the most
abundant wood from the firepits. Firepit 3, slightly smaller than the
other ovens, contained ponderosa pine, pinyon, and juniper charcoal. Room
3 also contained postholes, a bin in the northeast corner, various other
pits, and several burned areas.

Individual samples were divided into east, central, and west com-
posite samples (Figure 4.32). Economic pollen of several types was found
in this room. Corn pollen was found in all three composite samples and
was relatively abundant in the east section (Table 4.8 and Figure 4.32);
beeweed and prickly pear cactus were found in this section in unusually
high amounts. In the central area, pollen recovery was poor. In the
west, a small amount of corn and purslane pollen was found. While the
presence of the large ovens suggests some special use for the room, the
occurrence of a variéty of economic pollen types indicates 1living activ-
ities similar to those which took place in Room 110.

Kiva 15. Kiva 15 (Figure 4.33) was also constructed late in the oc-
cupation of the site, perhaps at about the same time as Plaza Feature 1.
Kiva 15 was placed directly on top of Room 110 in the West Roomblock. The
relationship between the kiva and rooms 112 and 229 to the west is not
clear, although architectural modifications indicate that the two rooms
continued in use after the construction of the Kiva.

Two individual grid samples were processed from Floor 1 of this Kiva
(grids 5 and 9; Figure 4.33 and Table 4.7). No corn pollen was found, in
distinct contrast to most other floor contact samples at Pueblo Alto.
Cattail pollen was found, however.

Plaza 2. Plaza 2 is located outside the east walls of the East Room
Block (Figure 4.21). Two samples were processed and analyzed. Pollen
frequencies were low in both, and with the exception of a prickly pear
cactus grain, no economic taxa were found (Table 4.7). Samples from
plaza-like areas that have been exposed to weathering processes are often
low in pollen counts. This is probably due to a combination of occasional
moisture and high akalinity, as well as to normal oxidation processes
(Hall 1981a). ’

Features

Mealing Bins. Six mealing bins were located in Room 110 (See Figure
4.23). Bins 1, 2, and 3 were sampled for pollen. The samples contained
high percentages of corn pollen (Table 4.5; Figure 4.23). Cucurbit, bee-
weed and purslane pollen was associated with corn in Bin 2, and cucurbit
pollen with Bin 3.




Table 4.7 Pollen Results in Percentages, other locations, Pueblo Alto

PLAZA FEATURE 1

ROOM 3 - KIVA 15 PLAZA 2
East Central West Room Grid 5 Grid 9 Room
Composite Composite Composite Total FS 5363 FS 5357 Total FS 3574
Ables (fir) 2 1
Acer (maple)
Picea (spruce)
Juniperus (juniper) 1 1 1 2 1
Pinus (pine) 30 25 27 23 25 24
Pseudotsuga (Douglas fir)
-’ogulus {cottonwood)
Quercus (oak)
Salix (willow) 1 0.2 1 3
Juglans (walnut) 1 1
Oleaceae (olive family) 3 1 3 2
Cheno-Ams (Chenopodiaceae-
Amaranthaceae) 33 37 35 40 51 46
Sarcobatus (greasewood) 0.2 1 1
Gramineae (grass family) 7 17 11 16 8 12

Compositae (sunflower family)

Low-spine Compositae

(spines ¢ 2 microns) 5 1 3 1 5 3
High-spine Compositae

(spines > 2 microns) 2
Artemisia (sagebrush) 3
Ephedra (Mormon tea) 7
Celtis (hackberry)

Cruciferae (mustard family) 1 0
Fraxinus (ash) 1 0
Cyperaceae (sedge family)

Leguminosae (pea family) 0.4 1 1 4 2
Liliaceae (1lily family) 1 0.4

Yucca (yucca) 2 1
Malvaceae (globemallow

family) 1 0.3
Spaeralcea (globemallow)

Rosaceae (rose family) 1 0.2

Solanaceae (potato family) 2 1
Lycium {(wolfberry)

Solanum (wild potato)

Parthenocissus (Virginia

creeper)

Scirpus (bulrush)

Opuntia (prickly pear

cactus) 0.4

Portulaca (purslane) 1
Typha (cattail) 2 1
Type A-Cactaceae

Cleome (beeweed) 2 1 1

Cucurbita (squash or gourd)

Zea mays (corn) 11 + 3 8

Other#* 2 2 1 3 1 2
Total 263 218 481 182 213 395
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Table 4.7 continued

Abies (fir)

Acer (maple)

Picea (spruce)

Juniperus (juniper)

Pinus (pine)

Pgeudotsuga (Douglas fir)
Populus (cottonwood)
Quercus (oak)

Salix (willow)

Juglans (walout)

Oleaceae (olive family)
Cheno-Ams (Chenopodiaceae—
Amaranthaceae)

Sarcobatus (greasewood)
Gramineae (grass family)
Compositae (sunflower family)
Low-spine Compositae
(spines < 2 microns)
High~-spine Compositae
(spines > 2 microns)
Artemisia (sagebrush)
Ephedra (Mormon tea)
Celtis (hackberry)
Cruciferae (mustard family)
Fraxinus (ash)

Cyperaceae (sedge family)
Leguminosae (pea family)
Liliaceae (1lily family)
Yucca (yucca)

Malvaceae (globemallow
family)

Sphaeralcea (globemallow)
Rosaceae (rose family)
Solanaceae (potato family)
Lycium {wolfberry)

Solanum (wild potato)
Parthenocissus (Virginia
creeper)

Scirpus (bulrush)

Opuntia (prickly pear
cactus)

Portulaca (purslane)

Typha (cattail)

Type A-Cactaceae

Cleome (beeweed)

Cucurbita (squash or gourd)
Zea mays (corn)

Other*

Total

Bin 1

1
1

58

—

20
1
102

*For other taxa, see Cully (1983).

+Total pollen counts leas than 100,

PL:.: FEATURE 1
MEALING iNS
Bin . Bin 3

FS 5433 FS 5.:, FS 5437 Total
0.4
0.2

1: 16 22
) 0.2
1 0.2
1 0.2
1 0.2

15 3 8
CoL 0.2

1 14 11

1

Tt 1

2 3

i 1 1
. 0.2
1 0.4
¢ 0.2
T 0.2
1 0.4

1 1 1

47 61 47

5 1 3

227 213 542

taxon noted in sample.
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€07 °°ulpTAZE USTTOd



Ta-e 4.8 Economic Pollen Types, North and West Roomblocks, Pueblo Alto

North Central Roomblock

Room 139
Room 142 -

Room
Room
Room

145
147
143

Total

West Central Roomblock

Room 110

Room 112

Room 227
Total

Plaza Feature 1
Room 3
Kiva 15

Mealing Bins
Room 110
Total 1,2 & 3

Type A Zea Econ. Number of

Clecme Portulaca Typha Opuntia Cactaceae Cucurbita Mays Sarcobatus 7% Pollen Grains
0.7 0.7 450
0.5 3.0 3.5 414
0.4 5.0 5.4 227
0.5 3.0 3.5 273
0.29 2.48 2.77 1372
C.1 0.4 0.4 0.4 0.3 0.4 12.2 14.2 1231
0.6 7.8 0.3 8.1 16.8 677
0.2 0.2 16.2 23.5 40.1 426
0.04 0.38 2.41 0.29 0.21 0.25 10.17 3.58 17.34 2334
1.0 0.4 0.2 7.8 9.4 487
1.0 1.0 395
0.4 0.2 0.6 474 48.6 542
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206 Environment and Subsistence

Firepits and Heating Pits. In addition to the floor contact samples,
one heating pit and one firepit sample from Room 147 in the North Room-
block were processed and analyzed (Figure 4.30). Unfortunately, these
samples proved to be typical of firepits and heating pits that "have been
previously analyzed at other sites in Chaco Canyon; pollen counts are low
(Cully 1983b). The sample is full of charcoal pieces and organic debris
with a characteristic red-brown color. No economic pollen types were
noted. Hearth samples from other sites at Chaco Canyon and at other loca-
tions in the San Juan Basin have yielded similar results (Cully 1982).
Under alkaline conditions (due to the wood ashes), pollen is subject to
degradation by fungi and bacterial activity, particularly if moisture is
present (Dimbleby 1978). Hall (198la) has noted that pollen is better
preserved in a dry cave shelter than in a shelter which receives some pre-
cipitation. The hardened basin of the firepit may hold moisture, creating
an alkaline solution which promotes destruction of the pollen grains.

Room and Feature Functions

The upper floors of the West Roomblock are dated by ceramics at about
A.D. 1050-1100. Kiva 15 was constructed over Room 110 and was probably
used during the occupation of the upper floors of the North Roomblock.
These upper floors of the North Roomblock appear to have been occupied
from around 1100 to 1150-1200. The floor contact samples from these two
roomblocks as units are substantially different. The West Roomblock has a
higher percentage as well as a wider range of economic pollen taxa than
the North Roomblock (Table 4.8).

When the rooms are categorized into storage and living types, based
on presence or absence of certain features, differences among frequencies
of economic pollen types are less pronounced. Table 4.9 indicates that
storage rooms are slightly higher in economic pollen types than rooms with
features associated with 1living functions. Although the differences in
the two room types are small, the pattern is similar to that found at
Broken-K Pueblo (Hill and Hevly 1968). The true function of some of the
rooms in the North Roomblock is in doubt. It seems likely that the North
Roomblock was used for functions other than everyday processing, storage,
and cooking. Lekson (1984) believes that such rooms in large Chacoan
structurés were used to store corn for eventual redistribution in the
Chacoan system. It is possible that the storage of corn on the cob with-
out husks and after drying would result in mimimal pollen dispersal in
rooms. Corn pollen percentages are low in the North Roomblock; however,
it is impossible to say whether the presence of corn pollen in these rooms
is due to this secondary storage (Fish 1981) or to accidental introduction
from sources in other locations in the Pueblo. The association of fir
pollen with several of the north rooms suggests that their function may
have been ceremonial in part.

There are also differences in pine and Cheno-Am taxa. Even excluding
Room 103, the overall pine pollen percentage is much higher in the West
Roomblock than in the later dated rooms of the North Roomblock (Table 4.5-
4.6). Conversely, the later rooms contain a higher percentage of Cheno-Am

taxa than the earlier rooms. It is tempting to speculate that the higher



Table 4.9 Economic Pollen Types, Living and Storage Rooms, Pueblo Alto

Living Type A Zea Econ. Number of

Rooms Cleome Portulaca Typha Opuntia Cactaceae Cucurbita Mays Sarcobatus 7 Pollen Grains
147 0.4 5 5.4 227
143 0.5 3 4 273
110 0.1 0.4 0.4 0.4 0.3 0.4 12.2 14.2 1231

Total 11.4 1975

Storage

Rooms
139 0.7 0.7 450
142 0.5 3 3.5 414
145 , : 8
112 0.6 7.8 0.3 8.1 16.8 677
229 T 0.2 0.2 16.2 23.5 40.1 426

Total _ 15.2 1975

L[0T 90UdpPTAg usfTod



208 Environment and Subsistence

Cheno-Am counts may be due to the accumulated effects of disturbance
around Pueblo Alto which could encourage the growth of weedy Cheno—Am
species. The results of this disturbance might be seen in a local pollen
rain with higher Cheno-Am percentages. The other late proveniences in the
Pueblo have lower Cheno-Am percentages. High economic-type pollen per-
centages may be depressing the Cheno-Am counts in the West Roomblock (see
Table 4.5).

With the exception of Kiva 15, the west rooms were probably occupied
earlier than the north rooms. As units, the two blocks were very differ-
ent in pine, Cheno-Am, and economic pollen type percentages. The western
suite of rooms was consistently higher in economic pollen types than the
north rooms. The actual function of the rooms in the North Roomblock did
not seem to be centered around plant food storage and processing. Even
the rooms with firepits and heating pits are lower in economic pollen per-
centages than the storage type rooms in the West Roomblock. Plaza Feature
1, used contemporaneously with the north rooms, contains pollens of eco-
nomic types missing from the North Roomblock. Perhaps there was a change
in the locus for food storage and processing from the West Roomblock to s-
pecialized locations like Plaza Feature 1, especially after the construc-
tion of Kiva 15 over Room 110.

Site Comparisons

Pollen Taxa of Economic Importance

Corn (Zea mays) Pollen

Corn pollen could have been introduced into the sites in several
ways, e.g., as the result of the storage of corn after harvesting, or the
use of pollen for ceremonial purposes. Bohrer (1972) has shown that har-
vesting, storing, and processing activities could result in dispersal of
pollen into archeological sites. High relative percentages of corn pollen
in archeological sites have often been interpreted as being the result of
introduction with corn which was being processed or stored (Fish 1981;
Hill and Hevly 1968). Fish (1981) interprets high percentages of corn
pollen from floors or storage feature samples as evidence of primary in-
troduction, that is, introduction immediately after harvesting.

Different distributions of corn pollen may indicate different activ-
ity patterns. At Pueblo Alto, a division of room types based on the pre-
sence or absence of features, resulted in similar corn pollen percentages
in storage and living rooms; however, floor samples from the West Room-
block and Plaza Feature 1, Room 3 were consistently higher in corn pollen
than those of the North Roomblock (Tables 4.8 and 4.9). The north area
may have been the location of ceremonial or other activities that were not
oriented around everyday living routines. In spite of the general simi-
larities in construction at 29SJ 627 and 29SJ 629, the distribution of
corn pollen within each site is clearly different. Relative corn pollen
percentages 1n aboveground rooms were considerably lower at 29SJ 629 than
at 298J 627 (Figure 4.34). Corn pollen is concentrated in Pithouse 3 and
Other Pit 14 at 29SJ 629, but more uniformly distributed in the above-
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Figure 4.34 Corn pollen percentages in living rooms, storage rooms, and
a pit house, from three sites in Chaco Canyon
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210 Environment and Subsistence

ground rooms at 29SJ 627. Windes believes that 29SJ 629 may have been oc-
cupied seasonally. If this was the case at least during the use of Pit-
house 3 and the bell-shaped pits in the plaza, 29SJ 629 was probably oc-
cupied during the growing season. Corn may have been stored in these lo-
cations immediately after harvesting, causing an abundance of pollen
grains to be deposited. At 29SJ 627, year—-round occupation and the over-
lapping living functions in the aboveground rooms would create the more
uniform distribution of corn pollen at this site. At 295J 629, pollen
samples taken from the aboveground rooms which were in use after the aban-
donment of the pithouse and bell-shaped pits do not contain comparable
corn pollen percentages. This may indicate a change from seasonal to
year-round occupation of the site, with a pattern of pollen distribution
in living and storage rooms more similar to that at 29SJ 629. Alterna-
tively, the high percentages of corn pollen in Pithouse 3 at 29SJ 629 may
be the result of ceremonial activities, as subterranean rooms became
oriented around ritual rather than domestic functions.

Features that were sampled and productive varied from site to sitej;
high percentages of corn pollen were found in the large bellshaped cists
at Site 29SJ 629 and in mealing bins in Room 110 at Pueblo Alto. High
percentages of corn pollen also occur in mealing bins (Bohrer 1980; Cully
1983b; Hill and Hevly 1968).

Little or no corn pollen was noted in well-defined kivas at Chaco
Canyon (Tables 4.8-4.10; Figure 4.35). Corn pollen was seldom found in
kivas at Broken K Pueblo (Hill and Hevly 1968), Bis sa'ani Pueblo (Cully
1983b), Dominguez Ruin in southern Colorado (Scott 1979), and sites in
west—central New Mexico (Gish 1982). At Salmon Ruin, however, Bohrer
(1980) found high percentages of corn pollen in kivas, which she inter-
prets as the result of medicinal and ceremonial uses. Other subterranean
structures (excluding Pithouse 3; Figure 4.35) sampled at the three sites
contained very little corn pollen, '

Rather than there being similar distributions of corn pollen at the
two small sites, and these two differing from Pueblo Alto, each site has
an individual pattern. When the results from the samples from each site
are combined into one sample and the percentage of corn pollen calculated
for each site, these percentages are almost equal (Figure 4.36). This
suggests that corn was equally important and available for subsistence and
possibly ceremonial purposes at all three sites.

Cucurbit (Cucurbita) Pollen

Pollen evidence for the use of cucurbits was found at all three sites
at Chaco Canyon (Tables 4.9 and 4.10). Cucurbit pollen occurred in a
bell-shaped storage pit at 29SJ 629, in a storage room at 29SJ 627, and in
the West Roomblock at Pueblo Alto (Table 4.8). The pollen could have been
introduced on the fruits or with flowers. Cucurbit pollen has been found
at Salmon Ruin (Bohrer 1980), and at Bis sa'ani Pueblo (Cully 1983b).

Cattail (Typha) Pollen

Cattail pollen was probably introduced into Pueblo Alto for use as




Table 4.10 Economic Pollen Types, Sites 29SJ 627 and 29SJ 629

Type A Zea Econ. Total Number of

Site 29SJ 629 Cleome Portulaca Typha Opuntia Cactaceae Cucurbita Mays % Pollen Grains
Storage Rooms

Room 5 1.7 1.7 248

Room 6 0.1 0.1 0.4 517
Total 0.1 0.7 0.1 765
Living Rooms

Room 2 0.4 0.2 0.1 7.0 7.7 888

Room 3 0.5 0.5 0.1 2.0 3.3 701
Total 0.5 0.4 0.1 4.8 5.8 1589
Pithouse 3 4.0 0.5 59.0 63.5 600
Pithouse 1/Kiva 2 2 223
Pithouse 2 2 1 1 188
Features

(3 Pitstructures) 1.0 0.5 0.5 26 .0 28 540
Site 29SJ 627
Storage Rooms '

Room 16 0.7 0.1 0.45 0.3 0.25 14 15.9 1549

Room & 0.5 0.2 9 9.6 538
Total 0.7 0.09 0.5 0.3 0.2 12.7 14.3 2087
Living Rooms

Room 8 0.2 15 0.2 13 13.7 446
Features

(Misc. Pit Types) 0.1 0.1 0.1 3 3.5 665
Kiva C 0.1 1 206
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Figure 4.35

Corn pollen percentages, pithouses and kivas, Sites
29S8J 627, 29SJ 629 and Pueblo Alto.
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Total corn pollen percentages from Sites 298J 627, 29SJ 629
and Pueblo Alto

€17 2oUsprAg ulTT0od



214 Environment and Subsistence

food, for matting or for construction. This pollen type was particularly
abundant in Room 112 (Table 4.8). Cattail pollen in samples from Kiva 15
may be the result of ceremonial use of these plants, in ways similar to
those described by Stevenson (1915) at Zuni. Cattail pollen has been
reported from other sites in the southwest (Bohrer 1972; Hill and Hevly
1968; Madsen 1979).

Purslane (Portulaca) Pollen

Purslane pollen is present in the West Roomblock and Plaza Feature 1
at Pueblo Alto (Table 4.8). It occurs in low numbers in Room 16 at Site
298J 627 (Table 4.10). The pollen could have been brought into the sites
on plants that were to be consumed immediately or to be stored for winter
use. Clary (1981) reports this pollen type is common in coprolites from
Chaco Canyon, indicating that purslane was eaten.

Beeweed (Cleome) Pollen

Beeweed pollen was found in very low percentages in Room 110 at
Pueblo Alto (Table 4.8). This may be the result of accidental occurrence;
however, beeweed pollen was also found in coprolite samples taken from
this room (Clary 1981), supporting the interpretation of introduction by
man., This pollen type was not found in other sites at Chaco Canyon, al-
though it has been noted at various locations in and around the San Juan
Basin (Bohrer 1980; Scott 1979).

Prickly pear (Opuntia-platyopuntia type) Pollen

Prickly pear cactus pollen occurred in every room at Pueblo Alto ex-
cept Room 145, Room 229 and Kiva 15 (Table 4.8). It was probably intro-
duced on the fruits or stems (Bohrer 1972). This taxon has been found
frequently in samples from other sites in Chaco Canyon (Table 4.10), and
at Bis sa'ani Pueblo (Cully 1983b).

Greasewood (Sércobatus) Pollen

Greasewood pollen was found in high percentages in Room 229 at Pueblo
Alto and in Pithouse 3 at 29SJ 629 (Tables 4.8 and 4.10). This high per-
centage may be associated with the use of greasewood for fuel.

Cheno-Am (Chenopidiaceae-Amaranthaceae, Amaranthus) Pollen

High percentages of Cheno-Am pollen were found in features which may
have been used for storage of seeds a 29SJ 627 (Table 4.11). At Site
2983 629, floor contact samples with high percentages of Cheno-Am pollen
suggest the processing, storage, or perhaps the use of chenopodiaceous
shrubs in roofing materials.

Fir (Abies) Pollen

Fir pollen was identified in samples from several proveniences at




Table 4.11 Economic Pollen Types, Sites 29SJ 627, 29SJ 629, and Pueblo Alto

Cheno-Ams Sarcobatus
Site 29SJ 627 (>50%) (>10%)

Abies

Gramineae
(>10%)

Storage Rooms
Room 16

Living Rooms
Room 8

Features
Miscellaneous 62

Small Pits
Pit 6, Room 3

Site 29SJ 629

Storage Rooms .
Room 5 58
Room 6 55

Living Rooms
Room 2
Room 3
Room 9 70

Features
0.P. 1
0.P. 2
Pithouse 1 51
Pithouse 2
Pithouse 3
Pueblo Alto
Living Rooms
Room 110
Room 147 55
Room 143
Storage Rooms
Room 112
Room 229 ’ 24
Room 139 55
Room 142
Features (Bins)

Plaza Feature 1, Room 3

Kiva 15

0.3

0.3

[=3 SR

0.6

® N

0.4

1.3

11

20

75

35
11

11

11

Sphaeralcea

(>10%)

11

12

Total Number of

Pollen Grains

1549

665

222

248
517

888
701
449

205

113

223

188

606

1231
227
213

677
426
450
414
542
487

395
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sites 29SJ 627 and 29SJ 629 (Table 4.11). At Pueblo Alto, fir pollen was
found in highest percentages in Rooms 142 and 143 of the North Roomblock.
The two areas of high percentages of fir pollen are adjacent to one
another near the connecting Door 14 (Figure 4.31). This pollen type was
found in lower frequencies in Room 112, West Roomblock, and Kiva 15. The
distribution of fir pollen at Pueblo Alto suggests that boughs and twigs
may have been used for ceremonies similar to those reported for the Hopis
(Whiting 1939) and the Keresans (Swank 1932). Fir pollen was not recorded
in either surface or sub-surface samples dating back to early Holocene
time (Hall 1977); however, Cully (1977a) reports 1% fir pollen in a sur-
face station at 29SJ 627. The pollen evidence suggests that the prehis-
toric inhabitants of Chaco Canyon traveled to higher elevations (like the
Hopis) to gather fir boughs to use in ceremonies.

Sagebrush (Artemisia) Pollen

At Pueblo Alto, sagebrush pollen was found in an unusually high per-
centage in Room 143 (Table 4.11). Sagebrush plants may have been brought
into this room to use for fuel. Welsh (1978) found sagebrush charcoal
from heating pits and firepits in several sites from Chaco Canyon. At Bis
sa'ani Pueblo, high percentages of sage pollen were found in a sample from
a firepit (Cully 1983b) where sagebrush charcoal had also been identified
(Donaldson and Toll 1982). High percentages of this pollen type were also
found in grid samples from Room 3 at 29SJ 629. The presence of fir pollen
indicates that Room 143 may have been used for the storage of ceremonial
materials; sagebrush may also have been brought in for ceremonial or me-
dicinal purposes.

Grass (Gramineae) Pollen

Grass pollen occurred in several grid samples at Site 29SJ 629 in
amounts greater than 10% (Table 4.12). Samples from a small pit at 29SJ
627 also contained similar percentages (Table 4.11). At Pueblo Alto,
grass pollen percentages were lower; however, the presence in mealing bins
and Plaza Feature 1, Room 3 suggests that grasses were used. Pippin
(1979) reports high percentages of grass pollen from metate, mealing bin,
and mano surfaces at Guadalupe Ruin, a Chacoan site near the Rio Puerco of
the east, in New Mexico. Pollen evidence for the use of grasses has been
noted by Bohrer (1981) at Salmon Ruin in northwestern New Mexico.

Globemallow (Malvaceae, Spheralcea) Pollen

Unusually high percentages of globemallow pollen were found in Room 3
at Site 29SJ 629 (Table 4.12), Plaza Feature 1, Room 3, and Kiva 15 at
Pueblo Alto (Table 4.11). Gish (1982) found evidence of the association
of globemallow with burials in pollen samples from Anasazi sites in south-
western New Mexico and Arizona. Scott (1979) found globemallow pollen in
high percentages in a sample from a canteen resting on a kiva floor at the
Dominguez Ruin in southern Colorado. Scott (1979) also reports that the
pollen was clumped or aggregated, suggesting deliberate introduction of
flowers into the canteen. Globemallow pollen, in percentages that indi-



Table 4.12 Possible Economic Pollen Types, Site 29SJ 629, Rooms 2 and 3

Cheno—Ams Compositae Artemisia Gramineae Malvaceae Sphaeralcea

Room 2 -

Grid A 55.8 2.2 8.7 2.0

Grid B 72.6 1.6 5.7

Grid E 4.8 88.6

Grid F 19.0 1.0 1.0 65.0
Room 3, F 11

Grid I 33.3 9.7 22.0 15.1

Grid K 27.5 2.0 2.0 18.0 11.8

Grid C 38.0 6.0 2.0 6.0 0.5

Grid A 11.0 6.0 17.0 5.0 11.0

Grid E 27.0 7.0 4.0 7.0 3.0
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cate purposeful introduction, is associated with ceremonial or medicinal
uses. Similar uses of globemallow may have been made at Chaco Canyon,
e.g., Clary (1981) reports that globemallow pollen occurred in 14% of the
28 coprolite samples from Pueblo Alto and Pueblo Bonito, and was the
dominant type in four.

Comparison of Taxa Found at Small and Large Sites

In spite of some intra-site differences in corn pollen distribution,
the evidence suggests that corn was of equal importance in subsistence at
all three sites. Most of the major, wild economic taxa were also found in
each location (Table 4.13), indicating that the inhabitants of both small
sites and large structures had access to and used the same domestic and
wild plant resources. The occurrence of corn and cucurbit remains along
with wild plant taxa, such as beeweed, grasses, cactus, and purslane, in
other Anasazi sites indicates that the use of domestic and wild plant re-
sources was a widespread adaptation in the San Juan Basin (Cully and Clary
1983) and surrounding areas (Gish 1982; Scott 1978; Williams-Dean and
Bryant 1975).

Room Function and the Percentage of Economic Pollen

At Broken K Pueblo, Hill and Hevly (1968) related the numbers and
percentages of pollen from economic taxa (domestic and wild) to room func-
tion. There was less pollen from economically important taxa in living
rooms, characterized architecturally by firepits, heating pits, mealing
bins, etc., than in storage rooms, characterized by the lack of such fea-
tures. The relative percentages of economic taxa were also lower in liv-
ing rooms than in storage rooms. At Chaco Canyon, the distribution of
economic pollen is distinctive at each site.  The pattern observed at
Broken K Pueblo appears in the aboveground structures at Site 29SJ 629
(Table 4.14; Figure 4.37). At Site 29SJ 627 and Pueblo Alto, the distri-
bution of economic pollen is about the same in each category of rooms,
with the percentage of economic pollen actually slightly higher in the
storage rooms. At 29SJ 627, Truell (1981) noted the presence of a few
features wusually associated with 1living activities in rooms otherwise
similar to storage rooms in location and construction. The dual functions
of the storage rooms may have resulted in similar frequencies of economic
pollen types in both storage and living rooms. At Pueblo Alto, the rooms
of the North Roomblock possibly were reserved for special functions.
Rather than a distinction based solely on the presence or absence of fea-
tures, a more meaningful division of room types seems to be simply one
based on location in the North or West Roomblocks. The pollen results
from the major divisions are accordingly quite different (Table 4.15;
Figure 4.37) and provide evidence for different uses of these areas. The
function of the rooms in the North Roomblock may have been ceremonial, or
related to another (as yet undetermined) role in the activities of the
site. Pithouse .3 (29SJ 629) is a confusing factor when attempting to re-
late room function to the percentage of economic pollen. The high percen-
tages of corn pollen (contributing most of the economic-type frequency)
could have resulted from the primary storage of corn or from ceremonial




Table 4.13 Pollen Taxa of Economic Importance, Small Sites and Large Structures,
Chaco Canyon and Bis sa' ani Community

Chaco Canyon « Bis sa' ani Community
Small Sites Large Structure Small Sites Large Structure

Site 29S8J 627 Site 29SJ 629 Pueblo Alto 10 Sites, n=38 Bis sa' ani Pueblo

A.D. 700-1000 A.D. 900-1200 A.D. 1000-1200 A.D. 1150-1250 A.D. 1150-1250

1 site, n=80 1 site, n=60 1 site, n=45

(Cully 1977) (Cully 1981) (Cully 1982) (Cully 1985) - (Cully 1982)
Pinus sp. + +
Low-spine Compositae + +
Cheno—-Ams + + : + + +
Gramineae + + + + +
Sphaeralcea + +
Eriogonum +
Portulaca + + +
Cleome + + +
Opuntia . +* +* +* +*
Typha + + + + +
Cucurbita + + + + +
Zea Mays + + + + +

* platy opuntia type
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Table 4.14 Percentages of Economically Important Pollen Types in Storage
and Living Rooms, Sites 29SJ 627, 29SJ 629, and Pueblo Alto .

Total Economic Pollen

Site Number of Economic Grains A Total Pollen Grains
29SJ 629
Storage Rooms
Room 5 4 1.7 248
Room 6 2 0.4 517
Total 6 0.1 765
Living Rooms
Room 2 69 7.7 -888
Room 3 23 3.3 701
Total 92 5.8 1589
298J 627
Storage Rooms
Room 16 246 15.9 1549
Room 4 52 9.6 . 538
Total 298 14.3 2087
Living Rooms
Room 6 61 13.7 446 .
Pueblo Alto
Storage Rooms
Room 139 3 0.7 450
Room 142 13 3.5 414
Room 145 - - 8
Room 112 114 16.8 677
Room 229 171 40.1 426
Total 301 15.2 1975
Living Rooms
Room 147 12 5.4 227
Room 143 10 3.5 273
Room 110 175 14.2 1231
Total 197 11.4 1731
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Table 4.15

Location

Total Economic Pollen Percentages in North and .West

-Room Blocks at Pueblo Alto

Total Economié Pollen Types

Number of Economic Grains

%

Total Pollen Grains

North Roomblock
Room 137 .
Room 142
Room 145
Room 147
Room 143

Total

West Roomblock
Room 110
Room 112
Room 229

Total

Plaza Feature 1
Room 3

13

12
10
38

175
114
170
460

46

w o
I o o
Wi~

N Wb
. o
[o- IV, ¥ =]

14.2
16.8
40.1
17.3

9.4

450
416
227
273

1372

1231
677
426

2334

487
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activities. 1In contrast, samples from other pit structures were low in
economic pollen percentages (Table 4.14; Figure 4.38).

Complementary Botanical Information

Paired pollen and flotation samples from the same grid sections at
29SJ 627 were compared (Table 4.16). The results indicated that much of
the pollen and flotation data were complementary in nature, that is, many
of the taxa found in one form of analysis were not found in the other.
The complementarity was especlally significant for such ecomonically im-—
portant taxa as corn, corn cucurbit, prickly pear, and purslane. Cheno-
Ams, on the other hand, commonly occurred in both pollen and flotation
samples. '

A similar comparison was made at 29SJ 629, although the information
was considered on a room or feature basis, rather than on a paired sample
basis. Results from individual grid samples from each room were combined
and treated as one sample. Larger, or macrobotanical remains, were also
included in this comparison. Table 4.17 is taken from a compilation of
botanical data listed in Cully (1983a).

Corn pollen in varying amounts was present in all the rooms and fea-
tures analyzed for pollen at 29SJ 629. Most of the samples from features
and rooms also contained corn remains in the flotation. Fewer than half
the rooms contained larger, or macro-remains, of corn (Table 4.17). Lar-
ger cattail remains were absent from the rooms and features under consi-
deration, Pollen was the only evidence of the use of this plant. As at
Site 29SJ 627, pollen and flotation samples both consistently contained
remains of plants in the Cheno-Am category. Tansy mustard seed occurred
regularly at 29SJ 629, sometimes in a burned condition signifying human
introduction and use. It is difficult to 1dentify pollen to the genus
level in the Cruciferae or mustard family; however, it -is possible that
the mustard family pollen identified at 29SJ 629 accompanied tansy mustard
seeds. Purslane is also a common weedy species; however, the plants
produce very little pollen. Pollen evidence for the use of purslane
occurred in several rooms where larger remains were absent. Micro- and
macro-remains of cucurbits occurred very infrequently at 29S8J 629; squash
or gourd pollen was found in one location without accompanying evidence
from flotation or macro-remains. Grass pollen was found consistently
throughout the site. Grass seeds occurred in many of the same locations;
macro-remains occurred infrequently. ' :

The distribution of the pollen and seeds of several taxa reflects the
dispersal mechanisms evolved by the plant species; tansy mustard is a
weedy annual that produces an abundance of seed but little pollen. Cheno-
Ams are prolific producers of pollen and seed. Purslane, a weedy annual,
also produces a large crop of seed but very little pollen. ~Determining
whether or not seeds identified in flotation samples are there because
they were introduced by humans has been discussed by Toll (1978b, 1979,
1981a). 1In pollen analysis, the mere presence of Cheno-Am, grasses, and
many other pollen types does not necessarily indicate that these plants
were being used by the sites' occupants. If these taxa occur in higher



PERCENT

70

60

50

H
=]

W
(=]

20

10

Kiva C Kiva Pithouse Pithouse 3 Kiva 15
Pithouse 1

29SJ627 _ 29SJ629 PUEBLO ALTO

Figure 4.38 Total economic pollen percentages, pit structures and kivas,
Sites 29S8J 627, 29S8J 629 and Pucblo Alto.

20U2]3STSqNSg pPuUB JUBWUOITAUY VXAA




Table 4.16 Taxa Occurring in Paired Pollen and Flotation Samples, Site 29SJ 627

Zea Mays Cucurbita Opuntia Pinus sp. Abies Juniperus Cheno-Ams Sarcobatus Ephedra Gramineae Portulaca Malvaceae Scirpus Typha
P F P F P F P F P F P F P F P  F P F P F P F P F P F P F

Room 16

Floor 2

Grid B + + + + + + + + + + + + +
Grid E +

Floor 3

Grid H + + + + + +

Grid B + + + + + + + + +

Grid C + + + + + + + +
Room 8

Floor 3 + +

Grid C + + + + + + +

Floor 2

Pit 4 + + + + + + + + + +

Pit 6 + + + + + + + +
Room 4

Floor 2

Grid A + + + + + +

Grid B + + + + +

Grid C + +

Grid D + + + + + + + + +

Grid E + + + + + + +

Room 3

Floor 1

Firepit 2 + + + +
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Table 4.17 Taxa Present in Pollen Float and Macro-botanical Samples from
Other Pits, Rooms and Pithouses, Site 29SJ 629

Plaza Pithouse/
OP 1 OP 14 Room 5 Room 6 Room 2 Room 3 Room 9 Grid 8 Kiva Pithouse 2 Pithouse 3

Zea mays
Pollen + + + +
Float + + +
Macro-remains

+
+ + +
+ +

+ +

+

+ + +
+ + +
+ +

Cucurbita
Pollen +
Float + +
Macro-remains

ha

Pollen +
Float

Macro-remains

Portulaca
Pollen + + + + + +
Float + + + + + + + +

Macro-remains

Cheno-Ams
Pollen* + + + + + + + + + + +

Float**
Macro-remains +

+
+
+
+
+
+
+
+
+
+
+

Descurainia
Pollen (Cruciferae) + +
Float + + + + + + + + + + +

Macro-remains

Gramineae
Pollen (Gramineaea) + + + + + + + +
Float#* + _ + + + + .

Macro-remains +

Cactaceae****
Pollen + +
Float + +
Macro-remains

* Pollen category includes plants in the family Chenopodiaceae, and family Amaranthaceae, genus Amaranthus.

** In float, I have lumped Cheno-Ams, Cycloloma atriplicifolium, Atriples sp., Chenopodium sp., and Salsola kali. For the
appropriate breakdown of this category by provenience see Struever (1978a, 1978b; 1979). Sarcobatus7Atr1p1ex is a category
recognized by Stanley Welsh, 1978, in his report on charcoal analysis at this site and is included in the macro-remains

section.

*** Tncludes Sprobolus, Oryzopsis hymenoldes,

*%*% Tncludes Qpuntia and Echinocereus.

90U93STSQNS pUB JUSWUOITAUY 97T



Pollen Evidence 227

relative frequencies than in surface samples or other archeological
samples from the area and are known from ethnographic literature to have
been important subsistence items to modern southwestern Indian groups, it
is likely that pollen from such plants has been introduced  into the site
by man. Plants which are adapted to insect pollination or are
self-pollinated produce fewer pollen-grains. The presence of these types
and corresponding ethnographic documentation of their use suggest that
these taxa were being used in the site,

The results at Site 29SJ 627 indicated that much of the pollen and
flotation data was complementary in nature. With more samples from each
room, this complementarity is less marked; however, pollen analysis does
seem to be sensitive to the presence of certain taxa such as corn, cat-
tail, grass, and cactus. A comparison of the results of pollen, flota-
tion, and macrobotanical remains at the two sites suggest that the differ-
ent forms of botanical. analysis should be used together in order to
achieve the broadest possible picture of plant resources used 1in
subsistence.

Pollen Evidence of Subsistence from Archeological
Sediment Samples and Coprolites

Direct evidence that parts of corn, cucurbit, purslane, and beeweed
plants were actually consumed by people living at Pueblo Alto has been
documented in the study of the pollen and largef plant remains from
coprolites (Clary 1981; Toll 1981b). Coprolites from Pueblo Bonito also
contained pollen from corn, cucurbit, beeweed, purslane, and prickly pear
cactus plants. Type A - Cactaceae pollen was actually more abundant than
the prickly pear (Opuntia - platyopuntia) type. Larger plant remains from
the Pueblo Alto coprolites included corn and purslane seeds. Coprolites
from Pueblo Bonito contained corn, cucurbit, and purslane seed remains,

The two different studies have established a stronger relationship
between the occurrence of some taxa in archeological samples from the site
and their introduction by man for use as food. Table 4.10 indicates the
occurrence of pollen types determined to be of economic importance in soil
samples from Pueblo Alto (Cully 1983b) and from coprolites from Pueblo
Alto. Many of the taxa determined to be of economic importance from soil
samples were also found in abundance in coprolite samples. In another
study of archeological soil samples and coprolites from Bis sa'ani Pueblo,
many of the same economically important taxa were also found in both con-
texts (Table 4.18). Corn, Cheno—Ams, grasses, beeweed, and prickly pear
pollen were found to be economically important in both soil and coprolite
samples. Thus, we gain confidence in the potential for assessing economic
taxa from soil samples when coprolite evidence is lacking.

Seasonality of Occupation
Consideration should be given to several factors when using pollen

taxa to assess possible seasonal occupation at Chaco Canyon. Stored food
may have been moved from storage areas to living areas. Pollen types in-
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Table 4.18

High-spine
compositae

Low-spine
compositae

Cheno-Ams
Coramineae
Spaeralcea
Erigodonum
Portulaca

Cleome

Type A Cactaceae

Opuntia

Typhia

Cucurbita

Zea mays

Economic Pollen Taxa from Sediment and Coprolite Samples,

Pueblo Alto and Bis sa'

Pueblo Alto
(Clary 19811)
(Cully 19822)

Av*

A+

A+
A+
A+
A+
A
A+

A+*

ani Pueblo

N

Bis sa' ani
(Cully 19823)

A+*

A+*

A+k

A+

A

A

Atk

+ Taxa found in coprolites in numbers and frequencies indicating dietary

components.,

* Most important pollen types in coprolites, occurring in high percentages and

or high frequencies in total sample number.

A Taxa considered to be present in distributions indicating economic

importance.,

Y coprolite samples
pollen samples

8 coprolite samples

25 pollen samples
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itially deposited in a storage room would then be carried later in the
year to the living areas, as the stored products were brought in to be
processed or cooked. Stored food transferred from one site to another.
might have the same effect on the pollen rain, thus obscuring any seasonal
information. There is documentation on the gathering and storage of wild
plant foods, in addition to cultivated crops, by modern Indian groups.
Castetter (1935) reports the gathering and storing of purslane plants for
the winter as Isleta. Beeweed plants were dried and stored indoors for
the winter at Zuni. Prickly pear fruits were stored and dried for winter
use by the Hopi (Whiting 1939).

It is difficult to identify many pollen taxa beyond the genus level;
the blossoming times must. therefore encompass those of several, and some-
times many, species. For example, blossoming and fruiting times of spe-
cies of the prickly pear or Opuntia taxon overlap from May to October.
Purslane, cattail, and greasewood are taxa that are easier to restrict in
time and thus provide evidence of seasonal collection.

Using the pollen results at Chaco Canyon the blossoming times of the
domesticated crops and important wild plant taxa present in the pollen re-
sults were plotted (Martin and Hutchins 1980; Table 4.19). Certain spe-—
cies of prickly pear cactus may have been available throughout the summer
and fall. Cattail flowering is in the early summer; it may still be pos-
sible for pollen to be shed from the dried infloresences even after
flowering and seed set have taken place, however. Purslane is a late
summer plant. Buffalo gourd (Cucurbita foetidisima), a wild cucurbit, be-
gins to flower early in the summer. Domesticated cucurbits flower later,
and, depending on date of planting and first killing frost, would be
available from late summer into the fall. Corn pollen could be gathered
from green plants for ceremonial use; they could be shed in living areas
from the time of picking the first green corn ears to the final har-
vesting. The dates of maturation would depend on the initial planting
time, but could be as early as late June or early July. The pollen evi-
dence indicates that the sites were used throughout the growing season.
Although food storage would have made year-round occupation of all three
sites possible, any seasonal occupation of rooms or sites may have been
obscured by the effects of plant storage on the pollen rain within the
sites.

Archeological Pollen Analysis and the Past Environment

The percentages of Cheno-Ams, grass, pine, and other pollen taxa, and
their changes in relative frequencies over time were often used as indi-
cators of environmental changes in the past. The percentage of these
types may be affected by human activity in and around an archeological -
site. Since percentdges are relative, one percentage figure may vary with
another. The effect of high frequencies of such obviously introduced
taxa, e.g., corn pollen, on the relative -percentages of other taxa can be
eliminated by counting separately from the rest of the pollen, as describ-
ed by Fish (1981). Exactly which of the other, naturally occurring taxa
are co-varying, and which may have been affected by local disturbance or
introduction, are difficult to determine; however, a much higher percent
(in comparison to surface and other archeological .samples from the same
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Table 4.19 Potential Blossoming Time of Important
Plant Taxa, 29SJ 627 and 29SJ 629 ‘
Site April May  June July  August September October

298J 627
Living Rooms

Opuntia X X X X X X

Portulaca X X

Zea mays X X X

Storage Rooms

Opuntia X X X X X X
Portulca X X
Typha X X X
Cucurbita X X X X ?
Zea mays X X
29SJ 629
Living Rooms
Opuntia X X X X X X
Portulaca X X
Zea mays X X X

Storage Rooms

Opuntia X X X
Portulaca

Cucurbita X X X
Zea mays X

Fe ol
P4 K
»

Pueblo Alto

Living Rooms
Opuntia X X X X X
Cleome X X X X X
Portulaca : X X
Typha X X X
Cucurbita X X X X ? ?
Zea mays X

Storage Rooms and
West Roomblock
Opuntia X X X X X X
Cleome

Portulaca X X

Typha X X
Cucurbita X X
Egg mays

Sarcobatus

L I
o
>

Central Roomblock :
Opuntia X X
Zea mays

>
>
P

i
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site) of a pollen type such as grass may be interpreted as the result of
some use of the plant by man. The comparison of intra-site results may
also suggest which taxa were affected by man's activities. At 29SJ 627,
the variablility in Cheno-Ams, grasses, pine, and corn pollen among grid
samples from the same floors was extremely high. The pattern was repeated
at 29S8J 629 and Pueblo Alto (Figure 4.39). For example, in Room 2 at 29SJ
629, grid samples B and E range from 5% to 72% Cheno-Am pollen and from 6%
to 77% grass pollen. The implication for enviromental reconstruction
based on a single sample are clear; one sample from one location does not
reflect the variability within a room or site, and envirommental recon-
structions based on such data may be wrong. Pippin (1979) and Hevly
(1981) have also recognized the unreliability of archeological pollen an-
alysis, used without supporting evidence, in the reconstruction of short-
term environmental changes. In a general way, pollen analysis can provide
information about the past environment in the form of records of the
plants present in the community and those that were brought in for use in
subsistence.

Despite the problems associated with wusing pollen samples from
archeological sites for environmental reconstruction, it is of interest to
compare the archeological pollen results with those from surface samples
analyzed by Hall (1977) (Figure 4.40). For this purpose the pollen sum
from which the percentages were calculated was considered to be the sum of
results of all pollen samples from a particular site. Hall's surface sam—
ples from stations B and G did contain a higher percentage of composite
pollen (other than sage) than the archeological samples. This could be
due to a seasonal abundance of this type of pollen at the time the surface
samples were taken in June, when many plants of this family are in bloom.
The Cheno—-Am group has been discussed as being affected by human activity
in and around sites (Bohrer 1972); however, Cheno-Am percentages for 29SJ
627 and 29SJ 629 are almost identical to Surface Station B sampled by Hall
(1977). Total Cheno-Am percentages for Pueblo Alto are likewise nearly
identical to those from Surface Station G. Pine pollen, on the other
hand, exhibits a less clear-cut pattern. It is more abundant at Site 29SJ
627 than in the sample from Surface Station B. Pine pollen at Sit8329SJ
629 is less abundant than at the Surface Station. The percentage of pine
pollen may be depressed by the higher percentage of grass pollen at 29S8J
629. Site samples from Pueblo Alto are also higher in the percentage of
pine pollen than those from Surface Station G (Figure 4.40). Pine pollen
counts at this station may be depressed by a seasonal influx of composite
pollen. If the information from archeological pollen is considered to be
accurate, pine pollen percentages from 29SJ 627 and Pueblo Alto indicate
that pine may have been more abundant during Anasazi times. Percentages
from 29SJ 629, occupied contemporaneously with the two other sites and
located in the same rincon as 29SJ 627, suggest a drier environment and a
woodland less extensive than it is today. The introduction of pollen from
economically important plants may have been an important factor in chang-
ing the relative percentages of taxa which are indicators of environmental
conditions. While the varibility between sites is not so extreme as when
single grid samples from the same floor are compared, it seems likely that
the inter-site variability, and the conflicting information, are also at
least partially the result of man's activities.
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In a study of packrat middens, Betancourt and Van Devender (1981)
state that the pinyon-juniper woodland association was more extensive at
Chaco Canyon prior to Anasazi times than it is today. They believe that
the Anasazi aggravated the climatic effects of increasingly warmer and
drier conditions on depletion of the woodland by woodcutting for fuel and
construction. From the results of pollen analysis from the alluvium at
Chaco Canyon, Hall (1977) interpreted the mid-holocene environment as
being warmer and drier than the present, with the pinyon-juniper woodland
at its lowest ebb. Pine pollen begins to increase in succeeding strata,
indicating that during Anasazi times, because of increasing moisture, the
woodland area may have been 1increasing. Information pertaining to
differing origins of sediment affecting pollen results from the alluvial
strata (with sediments from upstream bearing higher percentages of pine
pollen than sediments deposited from local runoff) has been brought to
bear on the subject by Love (1977). More recently, Hall (1981b) has also
analyzed pollen samples from packrat middens. He concludes that there is
no doubt there were more pinyon and juniper trees in Chaco Canyon at the
time of deposition of these middens, but whether there was actually an
extensive woodland is debatable. Pinyon-juniper woodland exists today on
Chacra Mesa, which forms the southeast scarp of Chaco Canyon upstream from
the confluence of Gallo and Chaco washes. Junipers and a few pinyon trees
are found today in isolated stands on South Mesa and the north side of the
canyon (Betancourt and Van Devender 1981; Cully 1977b).

Pollen analysis of samples from archeological sites has not provided
supporting evidence for either of the two ideas about the past environ-
ment. While it is likely that pollen from archeological sites is affected
by human activities (Hevly 1981), pollen analysis from these sites does
indicate that the plant community was similar to the present. Most of
the taxa, for which there is evidence of use by man, are represented in
the present-day vegetation (Cully 1983a; see also Cully and Cully, this
volume) . Other botanical studies of material from archeological sites
support this view. Charcoal studies, from firepits and heating pits at
298J 627 and 29SJ 629 by Welsh (1978), show that while pinyon and juniper
were used as fuel, chenopodiaceous shrubs (Sarcobatus/Atriplex types being
difficult to distinguish) were the dominant fuel used. Both saltbush and.
greasewood shrubs are present on the valley floors in abundance at Chaco
Canyon today (see Cully and Cully, this volume). Welsh (1978) identified
charcoal of sagebrush, rabbitbrush; (Chrysothamnus spp.), chokecherry
(Prunus -virginiana), three-leaf sumac (Rhus trilobata), and willow from
firepits and heating pits. Rabbitbrush and willow are present today on
the valley floor, sagebrush on benches and mesa tops, chokecherry, moun-
tain mahogany, and. three-leaf sumac are found from rincons and rocky
slopes of the canyon. Minnis (1978) reports charcoal from shrubby taxa
found in firepits and hearths at the Tsaya Project, near Chaco Canyon. At
Bis sa'ani Pueblo, many taxa identified from pollen, flotation, and char-
coal remains were from wild plant resources that are locally common today,
although some (pinyon pine, Rhus phragmites) are not presently found in
the immediate environs of the site (Cully 1982; Donaldson and Toll 1982).
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Hough (1897) states that juniper was the most important fuel at Hopi;
Whiting (1939), however, believes that the juniper woodland near the Hopi
towns was drastically affected by the wood cutting ensuing after the in-
troduction of the steel axe, and that pinyon and juniper then replaced the
use of desert shrubs as fuel. The four plant species used for sacred kiva
fuel are all shrubby; fourwing saltbush, greasewood, rabbitbrush
(Chrysothamnus sp.), and three~leaf sumac (Rhus trilobata). Whiting also
mentions that the Hopis today avoid cutting green wood. Large timbers for
construction are obtained by trading with the Navajos for these items.
With the exception of the later occupations at Pueblo Alto (Toll 198la),
botanical evidence from archeological sites shows that the Anasazi at
Chaco Canyon also satisfied most of their fuel needs with shrubby,
nonconiferous species, utilizing what was available and convenient. This
suggests two things: one, that the pinyon-juniper component of the
vegetation was not extensive enough for these species to be as available
and convenient for use as firewood as non-coniferous species; and two,
that the Anasazi did not play a significant role in depleting a more
extensive woodland for fuel use. While pinyon and juniper may have been
more abundant, the pattern of isolated groups or single pinyon and
junipers 1in protected locations seen today may have already been
established in Anasazi times.

Summary and Conclusions

Corn and cucurbit pollen from Site 29SJ 627 indicate the use of these
domesticates by the prehistoric inhabitants. Prickly pear, Cheno-Ams,
grasses, cattail, and other taxa were noted, and were probably introduced
into the site by man for use as food, fuel, or for manufacturing
purposes.

Several important factors for pollen analysis in archeological sites
were evident at Site 29SJ 627. The variability among pollen samples from
grid sections within a single room was extremely high. Dependence on one
sample from the floor contact in any of the three rooms could lead to mis~
taken interpretation of room function or environmental conditions at the
time of occupation. The grid scheme for sampling was useful for the de-
termination of the location of activities related to food storage or
preparation.

Economic pollen percentages were similar in both living and storage
rooms. As noted by Truell (1981), cooking or parching activities may have
occurred in the shallow, lightly burned firepits associated with storage
rooms 16 and 4, resulting in a localized pollen rain which included
economic types.

Using the sampling plan developed at Site 298J 627, pollen analysis
at 29SJ 629 indicated that corn, cucurbits, and wild plant resources were
used for subsistence. The use of a grid system for sampling revealed an
array of pollen taxa from wild plant resources in rooms 2 and 3. Sage-
brush pollen may have been brought into the site with plants used for
fuel. Cheno-Am pollen may reflect the use of chenopodiaceous perennials
for construction or fuel, or (with annuals) for food. Globemallow may
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have been used medicinally. Prickly-pear cactus, grasses, purslane, and
bulrush may have been used for food. Economically important pollen taxa
found in other proveniences include willow, cattail, and greasewood.

Living rooms 2 and 3 contained a greater diversity of economically
important taxa as well as a slightly higher percentage of corn pollen than
the storage rooms 5 and 6. Activities involving the preparation of plant
foods seem to have been centered around rooms 2, 3, and possibly 9. Many
of these activities were also carried out in the plaza area. Rooms 5 and
6 may have been used for storage and for non-plant related activities.

Pithouse 3 and Other Pit 14, a bell-shaped cist in the plaza, con-
tained remarkably high percentages of corn pollen. These locations may
have been used for the initial or primary storage of corn immediately
after harvesting. Occupation at this site may have been seasonal (at
least during the growing season) in Phases II - IV. Lower corn pollen
percentages on the later-occupied floors of the surface rooms may have re-
sulted from continual influxes of pollen from other economic as well as
ambient taxa, and suggests a shift to year-round occupation during Phase
V. Alternatively, Pithouse 3 may have served as the center of ceremonial
activities for the site, activities that may have been accompanied by the
use of corn pollen. The center for these activities may have shifted to
Pithouse 2, after the addition of storage and living rooms above ground.

Pollen analysis at Pueblo Alto was unusually productive, especially
in the West Roomblock. Room 110 contained the most taxa representing wild
plant resources. The presence of cultivated and wild types of economic
pollen substantiates the living room functions indicated by the presence
of mealing bins and firepits. Rooms 112 and 229, although lacking fea-
tures characteristic of living rooms, also contained corn pollen. Cattail
and greasewood pollen were found in abundance. Cattail plants may have
been used for matting or food, and greasewood for fuel.

The Central Roomblock also included storage and living rooms. Rooms
139, 142, and 145 lacked firepits and heating pits. Room 147 contained
firepits and heating pits, as did the corridor Room 143. Fir pollen was
present in high percentages in rooms 142 and 143, perhaps as the result of
the use of boughs in ceremonies. A high percentage of sagebrush pollen
was also found in Room 143; it may have been associated with medicinal and
ceremonial or fuel use. Corn pollen was present in all the rooms (except
Room 145) in low percentages. Other economically important taxa common in
the rooms of the West Roomblock were almost entirely lacking. The pollen
evidence suggests that these rooms served ceremonial functions different
that those of the West Roomblock.

Plaza Feature 1, Room 3 contained three deep ovens with evidence of
substantial fires. Corn, beeweed, purslane, and prickly pear cactus pol-
len were found in this room, indicating storage and/or preparation of
plant foods. In this respect, Room 3 is similar to the West Roomblock.

The upper floors of the West Roomblock were occupied earlier than
those in the North. Plaza Feature 1 was used contemporaneously with the
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North Roomblock and with Kiva 15. Pollen evidence suggests that there was
a change in the locus of living activities involving food preparation and
storage from the West Roomblock to Plaza Feature 1. )

Pollen taxa considered to be of economic importance at these three
sites in Chaco Canyon include those from both domestic and wild plant re-
sources. Rather than following the pattern observed at Broken K Pueblo by
Hill and Hevly (1968) of higher percentages of economic pollen in storage
rooms, the economic pollen types at Chaco Canyon are distributed in dif-
ferent ways at each site. The pollen evidence does indicate that the same
plant resources, both domestic and wild, were available to and used by the
inhabitants of both the small and large structures.

Results of the analysis of pollen, flotation, and macro-remains were
complementary, that 1is, many taxa found in one form of botanical analysis
were often not found im the otbers. 1In order to gain a more complete un-
derstanding of the plant resources used by the prehistoric inhabitants of
the site, the different botanical analyses should all be used.

Results from soil samples and coprolites from archeological sites
were compared. Inferences of the economic importance of pollen taxa,
especially wild plant resources, based on their presence in significant
distribution and numbers in soil samples, are substantiated for many taxa
by the presence of these same types in coprolites. Cheno—Ams, globe-
mallow, purslane, beeweed, and prickly pear pollen were determined to be
economically important taxa 1in separate so0il sample and coprolite
studies.

Palynological evidence indicates that the sites were all occupied at
least from spring through fall. Although food storage would have made it
possible to live there all year round, any evidence for seasonal occupa-
tion of rooms or sites may have been obscured by the effects of stored
plants on the pollen rain within the sites.

The intra- and inter-site variability in pollen results found at
Chaco Canyon was probably caused, in part, by human activity. This factor
reduces the opportunity for detecting short-term environmental changes,
but also expands our knowledge of plants used for subsistence in the past.
At Chaco Canyon, the taxa identified as important for subsistence are
found in local plant communities today, suggesting that the past environ-
mental conditions were essentially similar to those of today.
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