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CHAPTER |

MICHAEL E. MOSELEY AND THE
FOUNDATIONS OF ANDEAN CIVILIZATION

JOYCE MARCUS AND CHARLES STANISH

HIS BOOK CAME INTO being for several rea-

‘ sons, foremost among them our desire to

thank Michael E. Moseley for the impact he
has had on our lives and for his unique contributions
to our understanding of Andean societies. We also
wish to demonstrate how an individual’s research
interests can create what is effectively an entirely
new field of anthropological archaeology. These
chapters are not just tied together by our affiliation
and affection for Mike but constitute a coherent set
of studies informed by Moseley’s far-ranging intellect
and by a set of questions that reflect the current state
of Andean archaeology.

We consider ourselves very lucky to have been
Moseley’s students, and each of us has benefited from
his special style of mentoring. As many readers already
know, Moseley is passionate and enthusiastic about
archaeology. Less well known is his enthusiasm for the
projects of his students and his unfailing confidence in
his students’ abilities. In fact, Moseley usually has con-
fidence in his students long before they do, and this is
one of the reasons he continues to be such an effective
mentor. He inspired us and keeps us going precisely
because he has so much confidence in us.

For these and countless other gifts we thank you,
Michael Moseley, and we hope you enjoy this book.
Since we could not include contributions from all of
your former students working on the north coast (at

Chan Chan and other projects) or the south coast (at
Moquegua and beyond), a future volume compiling
their contributions should come as no surprise.

THE EARLY YEARS

Michael Edward Moseley has been interested in the
remote past for a long time. At age ten, while visiting a
local museum in Wiesbaden, Germany, where his father
was stationed as a U.S. Air Force medical officer, Mike
showed great interest in many of the fossils on display.
By age eleven he had seen his first arrowheads in a
museum in Washington, D.C., and he knew then that
the field of archaeology was for him.

When the Moseley family moved to California,
Mike began volunteering at the San Bernardino County
Museum in Redlands, California. Only thirteen, he
was already digging with many older amateur archae-
ologists (some of this work is described in Chapter
22). His volunteer work took him to the California
desert, and at some point during those hot excavations
Mike recognized that he not only loved archaeological
fieldwork but needed more training from professional
archaeologists. Thus, by the time he was fourteen,
Moseley’s mother was driving him to an archaeological
field school in Colorado. There Mike found himself
digging at a Plains Pueblo site. By age fifteen he was
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working with the Museum of Northern Arizona in
Flagstaff. Throughout his teenage years, Mike exca-
vated in the Southwest every year, becoming a dedicated
and experienced fieldworker. His passion for fieldwork,
built over many years in his youth, continues unabated
to this day.

Moseley’s academic trajectory paralleled his deep-
ening interest in field studies. After completing high
school he enrolled for two years at the University of
Redlands, where he minored in geology and majored
in anthropology. Subsequently he transferred to the
University of California at Berkeley, graduating in
1963. His adviser, J. Desmond Clark, steered Moseley
to Harvard University, where Moseley received his
doctorate in anthropology in 1968. He was offered a
professional appointment at Harvard, which gave him
the opportunity to start developing the models for
which he became renowned.

ENCAGEMENT WITH PERU

The better part of Moseley’s fieldwork has been con-
ducted in the Andes, initially with small grants and
small field crews and subsequently as leader and mentor
to many students who have gone on to notable academic
and research positions. Peru came into particular focus
for Moseley during his graduate studies, when he wrote
a paper for Gordon R. Willey’s Anthropology 207
seminar. In that paper Moseley began looking at soci-
eties that sustained themselves with marine resources.
Out of this initial survey of the literature he formulated
his hypothesis concerning the Maritime Foundations of
Andean Civilization, or the MFAC hypothesis. Simply
stated, Moseley’s hypothesis was that the initial rise
of social complexity along the coast of Peru could be
sustained by marine resources. According to Moseley,
the MFAC hypothesis “was formulated as an inductive,
ad hoc explanation for a corpus of information on early
coastal sites that accumulated gradually.” In developing
this hypothesis, Moseley had been influenced by Max
Uhle, who was the first to recognize that the shell
mound people that dotted the Pacific coast predated
later civilizations. Moseley was also influenced by Junius
Bird’s pioneering research in Patagonia, Chile, and at
Huaca Prieta in the Chicama Valley of Peru.

Moseley then began to think about how the maritime
model could be tested. He decided he was ready to
conduct fieldwork in Peru to see if such a model could
be supported with empirical research.

Arriving in Peru in 1966 for the first time, he set
about conducting fieldwork on the central coast, inves-
tigating the very early societies that relied on marine
resources. This work formed the empirical founda-
tion of his Ph.D. dissertation, “Changing Subsistence
Patterns: Late Preceramic Archaeology of the Central
Peruvian Coast,” which Moseley successfully defended
in 1968. Together, that dissertation and his early field-
work laid the groundwork for his 1975 pathbreaking
book, Maritime Foundations of Andean Civilization, in
which Moseley articulated the broad thesis that stable
and localized resources could provide the subsistence
base of a complex society. Those resources could be
either grain agriculture or marine resources, which
would be readily available to people living on the
narrow strip of coast between the steep Andean foothills
and the biorich Pacific Ocean. The book proved to be
a watershed in Andean studies, redirecting subsequent
studies along new paths. In modern scholarship its
influence is equaled only by John Murra’s thesis of
vertical archipelago or zonal complementarity and
Maria Rostworowski’s model of specialization among
coastal communities.

At the end of his first year of teaching at Harvard
University, during which he offered courses on Andean
prehistory and on method and theory in archaeology
(the latter co-taught with Gordon Willey), Moseley
spent the summer in Cambridge writing a grant pro-
posal for a project at the great prehistoric metropolis
of Chan Chan. This new field project in Peru would
be a major departure from Moseley’s previous focus on
the Preceramic period. The size and monumentality of
Chan Chan would have posed formidable challenges
to any project director, but Moseley was up to the
task and secured major grants to start a new project.
Moseley focused on both the hinterland of Chan Chan
as well as the central part of Chan Chan, which covers
6 km? and consists of ten large walled enclosures (ciu-
dadelas), nine of which—Rivero, Velarde, Laberinto,
"Tschudi, Bandelier, Squier, Uhle, Chayhuac, and Gran
Chimd—are rectangular in plan and range from 88,000
to 220,000 m? in area.

Moseley took many students to Chan Chan and gave
them rare opportunities to develop their own projects
and theses; some of the contributors to this book
got their start in Andean archaeology at Chan Chan.
Among the many students who worked with Moseley
at Chan Chan and in the Moche Valley were Garth
Bawden, Geoff Conrad, Kent Day, Richard Keatinge,
Ulana Klymyshyn, Alan Kolata, James Kus, Paul Ossa,
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Shelia Griffis Pozorski, Thomas Pozorski, John Topic,
and Theresa Lange Topic.

By directing his attention to Chan Chan, Moseley
planned to shed light on urbanism and the Kingdom of
Chimor. Moseley focused special attention on how such
a huge city grew in size through time, how it continued
to feed its growing population, and most of all, how it
organized its work force to construct a series of impres-
sive architectural compounds and irrigation works.
Moseley invited all the students he could to join him in
tackling the challenges that such an immense city posed.
The Chan Chan-Moche Valley Project began in 1969
and lasted until 1974, although many spinoff projects
continued for years afterward.

MODEL BUILDING: THE KEY ROLE
PLAYED BY NATURAL DISASTERS

Michael Moseley is known for the theoretical innova-
tions he has introduced, and for his singular ability to
combine data and theory. He virtually stood Andean
archaeology on its head by demonstrating the long-
and short-term influences of the natural environment
on human culture and settlement choices in the Andes.
The dynamic relationship of humans and the environ-
ment has long been a central concern for Moseley,
and his models incorporate many kinds of natural
phenomena that formerly had been overlooked in
Andean archaeological reports. One phenomenon
that exemplifies this approach is the occurrence of
natural catastrophes. Using paleoclimatological and
archaeological data, Moseley has shown the effects of
El Nifio on prehistoric agricultural constructions. He
has similarly forced researchers to consider the effects
of downcutting rivers and large-scale earth movements
in understanding irrigation and settlement patterns.
"This attention to the natural environment has led to a
much more rigorous research climate, one that allows a
more nuanced understanding of the developing political
economy in early Andean civilizations.

THE MOQUEGUA VALLEY OF
SOUTHERN PERU

Moseley left Harvard University to take a position as
curator of Middle and South American archaeology and
anthropology at the Field Museum of Natural History
in Chicago. Mike’s colleague (and former student)

Robert Feldman joined Mike as a research associate and
visiting curator at the Field Museum as well.

During that time, Mike met Robert Pritzker, a
member of the Field Museum’s board and a strong
supporter of science and the arts. Pritzker was also a
shareholder in a company that had a financial interest
in the Southern Peru Copper Corporation (SPCC),
based in Moquegua and Ilo on the south coast of Peru.
The director of the mine’s operation in Moquegua and
Cuajone, Victor Barua, and his wife, Lucy, had asked
Pritzker if he could help locate an archaeologist who
would establish a research program in Moquegua.
Pritzker put Mike in contact with Victor and Lucy,
and with the addition of Dr. Fernando Cabieses, the
Programa Contisuyo was born.

The sheer amount of work that has been and con-
tinues to be conducted under the auspices of Programa
Contisuyo is amazing. Most of the valley, from 3200
meters above sea level to the coast, has been surveyed
and published by a number of archaeologists, including
Bruce Owen, Ryan Williams, Donna Nash, Paul
Goldstein, Charles Stanish, Mark Aldenderfer, Antonio
Ribeiro, Don Rice, and Bertha Vargas. Paul Goldstein
has conducted continuous research at the site complex
of Omo, first discovered by Mike and colleagues after
viewing air photographs obtained by Robert Feldman.

Programa Contisuyo was a unique organization.
Partially funded by SPCC and by private donors such as
Pritzker, the Programa offered researchers from Peru,
the United States, and at least half a dozen other coun-
tries the opportunity to work in the entire Department
of Moquegua. Mike was always generous with his
resources, particularly his beloved big blue Ford truck,
and as a result, all kinds of research flourished.

It was around this time that the site of Cerro Baul
was first described in a scientific journal, Gaceta Andina,
by Luis Lumbreras, Elias Mujica, and Rodolfo Vera.
Entitled “Cerro Badl: Un enclave Wari en territorio
Tiwanaku,” the article brought to light this incredible
site in the southern Peruvian desert. Mike and Bob
Feldman began work there, in collaboration with their
Peruvian colleagues. Work at Cerro Badl has continued
to the present day and is directed by Donna Nash and
Ryan Williams.

After a good stint at the Field Museum from 1976
to 1984, Mike left for warmer climes, taking a job at
the University of Florida at Gainesville. Programa
Contisuyo continued to operate with a younger genera-
tion of Mike’s students at the helm, while Mike continued
to provide intellectual direction for much of their work.
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Moseley’s continuous labor in the field is noteworthy
and impressive. He continues to do fieldwork in Peru
every year, and it is this fieldwork that has given him
unparalleled knowledge of the coastline and some of the
Pacific watershed valleys. From the north coast to the
far south coast, Moseley’s projects and excavations have
made major contributions to understanding the pace and
tempo of developments from the Preceramic period to
the rise and fall of militaristic empires.

An example of Michael Moseley’s influence is seen in
a 2005 article by Moseley, Donna Nash, Ryan Williams,
Ana Miranda, Mario Ruales, and Susan deFrance. The
influence of that archaeological study is expected to
extend well beyond the fields of urban studies, anthro-
pology, and archaeology. It is a case study of the rise
and fall of two expansionist empires that coexisted for
a substantial period of time, apparently without either
empire succeeding in dominating the other. The bor-
ders of the Wari and Tiwanaku empires almost met
in the middle of the Moquegua Valley of Peru, not
far from Cerro Batl, the southernmost outpost of the
Wari Empire and a spectacular site sitting atop a shaft
of stone. This study shed new light on the founding
and abandonment of this unique site, and on the Wari
and Tiwanaku empires of Peru and Bolivia. Extensive
excavations by Moseley and his colleagues have shown
the sequence of key buildings and how each was ritu-
ally terminated. Ethnicity, imperial expansion, religious
practices and beliefs, and activity areas (for feasting,
termination rites, and so on) are all well documented
archaeologically and iconographically. The investiga-
tors were even able to document the burning down
of an ancient brewery. The consequences of imperial
expansion are observable in the marks of abandonment
and termination, the final darkness of another organized
polity in ancient Peru.

A LOOK BACK, AND FORWARD

Moseley’s work underscores the importance of in-depth
knowledge of a geographic region and how sterile our
theoretical frameworks would be without such detailed
knowledge. Combining hard-won data with inductive
insight, Moseley’s work has challenged scholars working
in other regions to implement a framework as broad,
ambitious, and explanatory. Among the books Moseley
has written, five stand out for their importance to all
scholars working in the area, and more generally to
archaeologists striving to construct a regional history

anywhere in the world: Twenty-Four Architectural Plans
of Chan Chan, Peru (with Carol ]J. Mackey), Chan Chan:
Andean Deserr City (with Kent C. Day), The Northern
Dynasties: Kingship and Statecraft in Chimor (with Alana
Cordy-Collins), The Maritime Foundations of Andean
Civilization, and The Incas and Their Ancestors: The
Archaeology of Peru. These books show his exceptional
ability to marry his field data to a theoretical framework.
His particular strength lies in evaluating economic,
environmental, and political factors and incorporating
them into a framework to explain the evolution of
Andean polities, from simple villages to empires.

Before Moseley entered the field of Andean prehis-
tory, the Andes Mountains and natural environment
were generally viewed as passive landscapes, a back-
ground against which cultural events played out.
Moseley, in contrast, put the natural environment in the
foreground. Moseley told us that mountains were being
uplifted, rivers were downcutting, and shorelines were
growing and expanding. In other words, the natural
world, with its myriad changes and unpredictable catas-
trophes, had much more of an impact on sociocultural
rises and falls than we formerly imagined. Along with
cycles of warfare, economic competition, and conquests,
we learned that natural disasters could have caused
some of the regional abandonments, resettlements, and
population movements detectable in the archaeological
record. Moseley showed us that the hills are alive with
the sound of earthquakes, floods, subductions, and
uplifts. Today we recognize that human culture com-
bines with natural processes to effect change, and such
knowledge has made all the difference in how we view
Andean prehistory.

From his first article, published in 1962 in the
Quarterly of the San Bernardino County Museum, to his
most recent work, published in the Proceedings of the
National Academy of Sciences, Moseley has produced a
marvelous body of work. But his publications are only
part of his body of influence: his passion for the Andes
has been passed on to colleagues and students. It is fair
to say that Moseley’s three early interests—subsistence,
the Preceramic period, and the coast of Peru—have
been among the enduring themes of his career.

In addition, Mike Moseley has probably trained
more Andeanists than anyone else, inviting students
from Harvard University, the Field Museum, the
University of Chicago, and the University of Florida
to Aspero, to Chan Chan, and to the Moquegua Valley.
He has trained the next generation of Peruvian archae-
ologists at numerous academic institutions and in the
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bar of the Southern Peru Copper Corporation Country

Club. He will forever be known as a great researcher

and generous teacher, insightful in critiques, generous

in praise, and dedicated to extending the horizon of

current knowledge.
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CHAPTER 2

PREHISTORIC POPULATION
DYNAMICS IN THE ANDES

RICHARD C. SUTTER

N RECENT YEARS, A consensus has developed
I among most osteologists about the peopling of the

New World. However, despite nearly a century of
scholarly investigation by biological anthropologists,
it could be argued that the population history of
South America, and more specifically of the Andes,
remains poorly understood. In this chapter, I examine
current evidence on the peopling of the Andes and
discuss how that topic relates to Michael Moseley’s
maritime hypothesis. In so doing I hope to shed light
on prehistoric population dynamics and propose
tentative explanations that future archaeological
and bioarchaeological investigations can evaluate
empirically.

MOLECULAR STUDIES RELATED
TO THE PEOPLING OF SOUTH
AMERICA

Although a number of molecular studies have examined
variation among contemporary (Rothhammer and Silva
1992; Turbén et al. 1994; Merriwether et al. 1995;
Lalueza-Fox et al. 1997; Moraga et al. 2000; Keyeux
etal. 2002; Williams et al. 2002) and prehistoric South
Americans (Rogan and Salvo 1990; Haydon 1993;
Lalueza-Fox 1996; Demarchi et al. 2001; Shinoda et
al. 2002; Shimada et al. 2003) there is little consensus
regarding the timing and number of migrations that

occurred during the peopling of South America,
especially the Andes. Although some authors have
suggested that a single migration accounts for the peo-
pling of South America (Merriwether et al. 1994, 1995;
Bonatto and Salvano 1997a, b), others have argued that
at least two migrations occurred (Turbén et al. 1994;
Lalueza-Fox 1996; Lalueza-Fox et al. 1997; Moraga
et al. 2000; Demarchi et al. 2001; Keyeux et al. 2002).
"This discrepancy is due in part to the nature of the data
examined by molecular studies and in part to method-
ological problems that limit the ability to generalize
from these results. Molecular studies examining nuclear
DNA are usually limited to studies of living South
Americans. Although contemporary variation among
living South Americans provides us with some insight
into prehistoric population dynamics, those data are
affected because ethnohistorically known Andeans—the
Inka, Aymara, and others—and even pre-Inka states
such as the Tiwanaku (Blom 1999) often sent colonists
to disparate locations. This problem is compounded
by the decimation of prehistoric Andean populations
by perihistoric epidemics (Rothhammer and Bianchi
1995). These factors limit our ability to use the nuclear
DNA of living South Americans, because extant DNA
variability may not accurately reflect that of ancient
South Americans. Therefore, to understand prehistoric
population dynamics and relations, molecular studies
need to sample prehistoric remains.
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Although a limited number of studies have been
successful in isolating nuclear DNA from prehistoric
remains of South Americans (see, e.g., Haydon 1993),
these attempts are plagued by difficulties in finding and
amplifying preserved ancient nuclear DNA. Nuclear
DNA is fragile and, compared to mitochondrial DNA
(mtDNA), relatively large and complex; further, there
are few available copies to isolate. In the few instances in
which nuclear DNA has been isolated from prehistoric
human remains, the segments that were recovered were
unpredictable. In other words, even when nuclear DNA
is recoverable, there is no guarantee that each sample
will represent the same segment of nuclear DNA. Until
successful recovery and amplification techniques are
developed for nuclear DNA, information derived from
this line of evidence will be limited.

Because mtDNA is smaller and every cell has
multiple copies of it, mtDNA has been the molecular
material of choice for ancient DNA studies. However,
studies employing mtDNA suffer from a number of
problems. Methodologically, mtDNA is treated as a
single genetic locus with multiple alleles (Williams et
al. 2002). Given that mtDNA is treated as a single gene,
attempts to reconstruct relations among both living and
prehistoric populations using mtDNA do not take into
account the evolutionary histories of nuclear genes.

Furthermore, analyses are compounded by the fact
that mtDNA is inherited only through the maternal
line. This greatly limits our ability to generalize popula-
tion histories based on a single locus. Indeed, a recent
investigation by Williams and colleagues (2002) that
compared historically known village fissioning patterns
of Yanomamo with phylogenies derived from both
nuclear and mtDNA found that the mtDNA did not
adequately represent the relatedness among the villages,
while the tree diagram they produced using nuclear
DNA did match the known relations among Yanomamo
villages. An independent study by Matisoo-Smith (2002)
that examined both modern and archaeological remains
of Rattus exulans from the South Pacific also produced
divergent pictures of the nature of colonization and
appears to confirm the impressions derived from the
study by Williams et al. The authors of both of these
studies cite mtDNA’ unilocus nature and uniparental
inheritance—which effectively reduces the population
size to one-fourth that of nuclear DNA studies—
as reasons why mtDNA failed to perform as well.
Indeed, Williams et al. (2002:255) question whether
the methods developed for the analysis of multilocus
nuclear DNA data are appropriate for the analysis of

single-locus mtDNA. Although ancient mtDNA studies
of prehistoric Andeans may eventually provide us with
greater resolution on prehistoric population dynamics,
mtDNA studies must first overcome both susceptibility
to sampling error and the methodological issues asso-
ciated with estimating genetic relatedness based on a
single genetic locus.

MORPHOLOGICAL STUDIES
RELATED TO THE PEOPLING OF
SOUTH AMERICA

Early osteological studies of prehistoric South Amer-
icans were largely descriptive rather than explanatory
in nature. Ale¢ Hrdlicka (1923) was the first to describe
the physical characteristics of South American popula-
tions. After measuring a large series of crania he had
collected from archaeological contexts at the Peruvian
sites of Pachacamac and the Chicama Valley, Hrdlicka
claimed that prehistoric coastal Peruvian populations
were characterized by medium stature and brachy-
cephaly, whereas high-altitude populations were short
and dolichocephalic. Hrdli¢ka suggested that all Native
Americans, including South Americans, were directly
descended from Mongoloid populations. However,
Hrdli¢ka had little or no temporal or spatial control for
most of the skulls in his collection. Many of the crania
from each region were from unknown sites and looted
contexts from multicomponent sites.

Following in the descriptive tradition of Hrdlicka,
others attempted to establish racial typologies for
South American populations based on cranial shape and
somatic type (Imbelloni 1938; Cooper 1942; Birdsell
1951). The goal in developing these typologies was to
explain the origins of the observed phenotypic vari-
ability. Although it was widely believed that Native
Americans strongly resembled Mongoloid populations,
these investigators felt that the amount of biological
variation that exists among New World populations
could not have arisen from a single founding population.
These anthropologists held that the proto-Mongoloids
preceded subsequent migrations of Mongoloids.
For example, José Imbelloni (1950) claimed that his
Fuegides and Pampides racial types represented the ear-
liest South American migrants, who were subsequently
followed by migrations of the ancestors of Laguides,
Amazonides, and Pueblo-Andides.

While acknowledging regional trends in Native
American phenotypic data, Marshall Newman (1951)
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argued that the variation observed among Native
Americans (and, by extension, South Americans)
could have arisen from a single Mongoloid migration
through genetic drift and environmental selection. For
the Andes, Newman (1943) reported that craniometric
data for the central Andean crania indicated two closely
related altiplano cranial types—one in the north, one in
the central Andes—and a third, more distantly related
coastal group. Newman (1948) later argued that the dif-
ferences he detected among the craniometric measures
of coastal and highland populations became less evident
through time. Based on independent craniometric
analyses of collections from the Peruvian highlands
and central coast, Mary Ericksen (1962) supported
Newman’s claim that craniometric variability among
coastal and highland cranial series decreased through
time. Ericksen suggested that this trend was due to the
breakdown of breeding isolation of coastal populations
following the introduction of agriculture to the coast
by highland groups.

Christy Turner (1983, 1985) examined genetically
influenced tooth and root trait frequencies for both
Asian and New World populations. Based on analyses
of his data, Turner suggested that modern New World
populations were descended from three discrete
migratory events, with the earliest population, the
Paleoindians, having given rise to all Amerind-speaking
North Americans and all Central and South Americans.
His surveys of dental trait variability revealed that
northeast Asians and all Native American populations
exhibit a more complex pattern of tooth cusp and root
number than Southeast Asians. Turner referred to
populations exhibiting this increased complexity of
dental traits as “sinodonts,” whereas the simpler dental
characteristics observed among Southeast Asians,
Australians, and Pacific Rim populations he referred
to as “sundadonty.” Turner (1985, 1990) estimated
that sinodont dental traits evolved in northeast Asia
from preexisting, less elaborate sundadont tooth cusp
and root traits approximately 20,000 years before the
present. However, it is important to note that sinodonty
and sundadonty represent two contrasting extremes for
Asian dental morphology. Indeed, Asians and Asian-
derived populations (i.e., Native Americans) exhibit a
wide range of dental trait variation that varies between
these two polar extremes for Asian dental morphology.
Although this rigid dichotomy has been shown to be
too static to characterize Native American dental trait
variability (Powell 1993; Lahr and Haydenblit 1995;
Haydenblit 1996; Sutter 1997, 2005; Powell and Neves

1998), it still serves as a useful way to characterize dental
trait variability.

Although Turner’s studies were without precedent in
both size and scope, some have criticized Turner’s con-
clusions, noting that his Paleoindian sample consisted
of dentitions from both early and late Archaic remains
(Powell 1995), and that his Paleoindian sample was
distinct from subsequent samples he analyzed (Powell
1993). Further, Turner’s South American sample analysis
treated all dentitions, irrespective of their chronological
or geographic placement, as a single sample. Because he
has not yet published his South American data in detail,
itis impossible to evaluate the validity of his conclusions
for prehistoric South Americans.

Other recent craniometric and dental studies report
that the Paleoindian remains are distinct from sub-
sequent prehistoric Native Americans (Powell 1993).
Others note both geographic and chronological trends
indicating that proto-Mongoloid dental (i.e., sunda-
dont) and craniometric morphology existed among
Preceramic or aceramic populations of Baja California
(Gonzilez-José et al. 2003), Mesoamerica (Haydenblit
1996), and South America (Lahr 1995, 1996; Lahr and
Haydenblit 1995; Sutter 1997, 2005; Powell and Neves
1998, 1999; Neves et al. 1999a—d, 2001; Gonzilez-José
etal. 2003, 2005; Sardi et al. 2005). This variability has
caused many osteologists to posit two migratory events
for the peopling of the Americas, an initial proto-Mon-
goloid colonization followed by a Mongoloid migration
(Powell 1995, 2000; Powell and Neves 1998; Jantz and
Owsley 1998a, b, 2001; Neves et al. 1999a-d, 2001;
Steele and Powell 1999, 2002; Neves and Blum 2000).

Although many of these scholars have implied that
the second migratory event constituted replacement of
the preexisting proto-Mongoloid populations, Joseph
Powell and Walter Neves (1999) correctly point out
that many of the detected patterns may be due to the
initial population structure of the colonists. Using the
same traits and protocol adopted by Turner, I have pre-
viously argued (Sutter 1997, 2005) that the geographic
and temporal trends for dental trait data among twelve
prehistoric south-central Andean mortuary popula-
tions indicate there were at least two peopling events
for the region: an early migration, represented by the
Paleoindians and their descendants, followed by a
more recent demographic expansion of food-producing
populations. Based on a limited number of samples and
currently available osteological and dental data from
North and Central America, I suggested that the more
recent demographic expansion initially had its source
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among prehistoric food-producing Central Americans,
who then expanded south into South America and
mixed with the preexisting foraging populations.

For this study, I report on epigenetic tooth cusp and
root traits for forty-four prehistoric Andean mortuary
samples. These data are examined in order to under-
stand the factors responsible for the observed dental
trait variability and to place these samples in a broader
evolutionary context.

PREHISTORIC ANDEAN MORTUARY
SAMPLE ANALYIS

Materials and Methods

The forty-four mortuary samples representing the
dentitions of more than 2,500 skeletal and mummified
remains were examined. All dental data were scored by
me. These samples represent all chronological periods
and both highland and coastal sites of the Andes (Figure
2.1, Table 2.1). The data collection for this study
focused on mortuary samples from Peru and Chile,
with excellent provenience and chronological control.
For this study, all dentitions were visually inspected and
scored for thirty-two morphological tooth cusp and root
traits (Table 2.2) using standardized casts and descrip-
tions (Turner et al. 1991). Nonmetric dental traits are
highly heritable among living populations (Biggerstatf
1970, 1973; Portin and Alvesalo 1974; Escobar et al.
1976; Berry 1978; Harris and Bailit 1980; Scott 1980;
Hassanali 1982; Nichol 1989) and have been used to
reconstruct genetic relations among both prehistoric
and living populations (Brewer-Carias et al. 1976;
Green 1982; Turner 1983; Wijsman and Neves 1986;
Sofaer et al. 1986; Haydenblit 1996; Donlon 2000).
They have also been demonstrated to closely reflect
those derived from molecular data among humans and
other nonhuman primates (Braga 2001). Such traits
have the advantage of being scorable for highly frag-
mented skeletal material.

Standard data analysis procedures were used to make
results presented here comparable to those presented
in other nonmetric dental trait studies. Dental trait
frequencies for each mortuary sample were calculated
using the “individual count” method (Turner and Scott
1977). In cases in which an individual exhibited asym-
metry in the expression of a given trait, the greatest
level of expression was used. This scoring procedure
assumes that a single genotype is responsible for any
given trait’s expression, and that when asymmetry exists
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Figure 2.1. Geographic locations of the forty-four prehistoric Andean

mortuary samples examined during this study.

among bilateral traits, the side exhibiting the maximum
expression is closest to the true underlying genotype
for the trait. The procedure also maximizes sample
sizes; in cases where a given trait is observable for only
one antimere but not the other, the observable side is
counted as the maximum expression for that trait. This
scoring procedure counts individuals for the calculation
of trait frequencies.

For this study, all traits were included if observations
could be made for all of the samples examined. Each
mortuary sample’s dental trait frequencies were used to
calculate the average taxonomic distance (ATD; Sokal
and Sneath 1963). This statistic was chosen because
of its Euclidean properties and its use in another
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Table 2.1. Forty-four prehistoric Andean mortuary samples examined by this study.

Sample

PREHISTORIC POPULATION DYNAMICS

Cultural
Affiliation

Location

Antiquity

Chronological

IN THE

ANDES

References

Collection

Paleoindian®
Venezuela

Pacatnamd
Huaca Prieta

Cerro Oreja—
Salinar

Cerro Oreja—
Gallinazo 1

Cerro Oreja—
Gallinazo 2

Cerro Oreja—
Gallinazo 3

Huaca de la Luna
—Urban Sector

Huaca de la Luna
—Platforms
Huaca de la
Luna—Sacrifices

La Galgada

Rio Seco

Paloma
Chilca 1
Asia
Cotabamba
Paracas 1

Cabezas Largas
Falda

Tiwanaku®

La Yaral
Ilo Preceramic

Chiribaya Alta

San Ger6nimo

Azapa
Chinchorro

Paleoindian
Unknown
Moche III - TV

Cotton
Preceramic
Salinar

Early Gallinazo
Middle Gallinazo
Late Gallinazo

Moche

Moche

Moche

Cotton
Preceramic

Late Preceramic

Middle

Preceramic

Late Preceramic
Late Preceramic
Killke

Paracas

Paracas
Paracas

Tiwanaku I -TV

Tumilaca &
Chiribaya

Late Preceamic

Chiribaya

Chiribaya

Chinchorro

Throughout Andes
Altagracia, Venezuela

Jequetepeque Valley,
Peru

Chicama Valley, Peru
Moche Valley, Peru
Moche Valley, Peru
Moche Valley, Peru
Moche Valley, Peru

Moche Valley, Peru

Moche Valley, Peru

Moche Valley, Peru
‘Tablachaca Valley, Peru

Huaura, Peru

Chilca Valley, Peru
Chilca Valley, Peru

Mala Valley, Peru
Cotabamba Valley, Peru
Paracas Penninsula, Peru

Paracas Penninsula, Peru

Paracas Penninsula, Peru

Island of the Sun, Bolivia 500 BC - AD 1100

Moquegua Valley, Peru
Moquegua Valley, Peru

Moquegua Valley, Peru

Moquegua Valley, Peru

Azapa Valley, Chile

>8000 YBP
AD 12502
AD 300 - 500

3100 - 1800 BC

200 BC

200-100 BC

100-1BC

AD 1-200

AD 200-600

AD 200 - 600

AD 500

28501950 BC

1800 - 1733 BC
5700 - 2800 BC

3000 - 1262 BC
AD 1350

300 BC

300 BC
300 BC

AD 950 - 1150

3000 - 1500 BC

AD 950 - 1350

AD 950 - 1350

5000 - 2000 BC

Period
Paleoindian
Late Prehistoric

Moche IIT - IV

Cotton
Preceramic

Early
Intermediate

Early
Intermediate

Early
Intermediate

Early
Intermediate

Early

Intermediate

Early
Intermediate

Early
Intermediate

Cotton
Preceramic

Late Preceramic

Middle

Preceramic

Late Preceramic

Late Preceramic

Late
Intermediate

Period
Early Horizon

Early Horizon
Early Horizon
Tiwanaku I -1V

Middle
Horizon/Late
Intermediate

Late Preceramic

Middle
Horizon/Late
Intermediate

Middle
Horizon/Late
Intermediate

Middle

Preceramic

Multiple (see note 2)

Donnan and Cock
1986

Bird and Hyslop 1985

Carcalén 1995

Carcalén 1995

Carcalén 1995

Carcalén 1995

Tello et al. 2003

Montoya 1995; Tello

1995; Uceda 2001;
Tufinio 1997

Bourget 1997; Verano

2001

Grieder and Bueno
1988

Wendt 1964

Engel 1980; Benfer
1984, 1986

Engel
1960,1966a,1981

Engel 1957,1963

Tello 1926

Engel 1966b,1981
Engel 1966b,1981

Bandelier 1910;
Stanish and Bauer
2004:193-197

Garcia 1988; Rice
1993

Sutter 1997, 2000

Buikstra
1989,1990,1995

Jessup 1990b

Sutter 1997, 2000

Location®
Multiple

AMNH

INC, Trujillo, Peru

AMNH

ING, Trujillo, Peru
INC, Trujillo, Peru
INC, Trujillo, Peru
INC, Trujillo, Peru
UN-Trujillo

UN-Trujillo

UN-Trujillo

MNAAHP, Lima,
Peru

CIZA, Lima, Peru
CIZA, Lima, Peru

CIZA, Lima, Peru

CIZA, Lima, Peru
AMNH

MNAAHP, Lima,
Peru

CIZA, Lima, Peru
CIZA, Lima, Peru
AMNH

Centro Mallqui, Ilo,
Peru

Centro Mallqui, Ilo,
Peru

Centro Mallqui, Ilo,
Peru

Centro Mallqui, Ilo,
Peru

MSMA, Arica, Chile
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Table 2.1. (Continued)

Sample

Playa Miller-7
(Laucho)

Alto Ramirez

Azapa-140

Azapa-6
Azapa-71

Azapa-75

Azapa-141
Azapa-8

Playa Miller-4
Camarones
Chinchorros

Camarones-8

Camarones-9

Toconao

Coyo Oriente
Casa Parroquial
Punta Teatinos

Araucano

Fueguino

Cultural
Affiliation
Laucho

Alto Ramirez

Maitas—Chiribaya

Cabuza
Cabuza

Tiwanaku/
Maitas—Chiribaya

Cabuza

Gentilar

San Miguel Maitas
Chiribaya
Chinchorro

Gentilar

Inka
Early Horizon

Middle Horizon
“Tiwanaku”
Late Preceramic

Aceramic

Aceramic

Location
Azapa Valley, Chile
Azapa Valley, Chile

Azapa Valley, Chile

Azapa Valley, Chile
Azapa Valley, Chile

Azapa Valley, Chile

Azapa Valley, Chile
Azapa Valley, Chile

Azapa Valley, Chile

Camarones Valley, Chile
Camarones Valley, Chile

Camarones Valley, Chile

San Pedro de Atacama,

Chile

San Pedro de Atacama,
Chile

San Pedro de Atacama,
Chile
Coquimbo Bay, Chile

South Central Chile

Southern Chile

500 BC

500 BC - AD 500

AD 800 -1350

AD 900 -1350

AD 900 -1350

AD 500 - 950

AD 900 - 1350

AD 1350

AD 1200

3000 - 500 BC

AD 1350

AD 1400
500 BC

AD 500

AD 500

2000 - 1000 BC

Late Prehistoric

Late Prehistoric

Chronological
Period

Initial Period

Initial Period —
Early Horizon

Middle
Horizon/Late
Intermediate

Late
Intermediate

Late
Intermediate

Middle
Horizon/Late
Intermediate

Late
Intermediate

Late
Intermediate

Late
Intermediate

Middle/Late
Preceramic

Late
Intermediate

Late Horizon

Early Horizon

Middle Horizon
Middle Horizon
Late Preceramic

Aceramic

Aceramic
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Focacci 1974
Sutter 1997, 2000

Mufioz and Focacci

1985
Focacci 1993
Focacci 1961, 1968

Muiioz and Focacci
1985

Focacci 1980;
Espinoza et al. 1994

Focacci 1961

Focacci 1969;
Espinoza et al. 1994

Aufderheide et al.
1993

Muiioz 1989

Muiioz 1989

Berenguer and

Dauelsberg 1989

Berenguer and
Dauelsberg 1989

Soto et al. 1975

Collection
Location®

MSMA, Arica, Chile

MSMA, Arica, Chile

MSMA, Arica, Chile

MSMA, Arica, Chile
MSMA, Arica, Chile

MSMA, Arica, Chile

MSMA, Arica, Chile
MSMA, Arica, Chile
MSMA, Arica, Chile
MSMA, Arica, Chile
MSMA, Arica, Chile

MSMA, Arica, Chile

MPLP, San Pedro
de Atacama, Chile

MPLP, San Pedro
de Atacama, Chile

MPLP, San Pedro
de Atacama, Chile
MNHN, Santiago,
Chile

MNHN, Santiago,
Chile

MNHN, Santiago,
Chile

* Institutional abbreviations: AMNH, American Museum of Natural History; CIZA, Centro de Investigaciones de Zonas Aridas, Universidad Agraria
Nacional-La Molina; INC, Instituto Nacional de Cultura; UN, Universidad Nacional de Trujillo, MNAAHP, Museo Nacional de Antropologfa,
Arqueologia e Historia del Perd; MSMA, Museo San Miguel de Azapa; MPLP, Museo Padre Le Paige; MNHN, Museo Nacional de Historia Natural.
"The South American Paleoindian sample consists of human remains that predate 8000 BC (calibrated radiocarbon years) from the following sites:
Pampa de los Fésiles 13 (n = 2) (Chauchat and Dricot 1979; Chauchat 1988), Lauricocha (n = 6) (Bérmida 1966), Tres Ventanas (n = 2) (Engel 1977,
1982; Benyon and Siegel 1981; Vallejos 1982), Cueva Quiche (n=2) (Engel 1982), Pampa Santo Domingo (n = 2) (Engel 1982), Acha-2 and Acha-3 (n =
5) (Mufioz et al. 1993; Standen and Santoro 2003), Cerro Sota (n = 8) (Bird 1988), Palli Aike (n = 3) (Bird 1988), and Cafiadén Leona (n = 4) (Bird 1988).
¢The Tiwanaku sample consists of Upper Formative period (500 BC-AD 500) and Middle Horizon (AD 500-1100) individuals excavated by Bandelier
(1910) from the sites Titi-Uayani (n = 28), Tiwanaku (n = 3), and Kea Kolla Chico (n = 26) (see also Stanish and Bauer 2004). Only those individuals
associated with Tiwanaku and pre-Tiwanaku (Qeya) grave goods were included for this study.
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Table 2.2. Dichotomized dental trait frequencies for forty-four prehistoric Andean mortuary samples.

Sample

Paleoindian

Venezuela

Huaca Prieta

Pacatnami

Cerro Oreja—Salinar
Cerro Oreja—Gallinazol
Cerro Oreja—Gallinazo2
Cerro Oreja—Gallinazo3
Moche—Urban sector
Moche—Platforms
Moche—Sacrifices

La Galgada

Rio Seco

Paloma

Chilca 1

Asia

Paracas 1

Cabezas Largas

Falda

Cotabamba

Ilo Preceramic

Chiribaya Alta

San Gerénimo

La Yaral

Tiwanaku

Azapa Chinchorro

Playa Miller-7 (Laucho)

Alto Ramirez

Azapa-140 (Maitas-
Chiribaya)

Azapa-6 (Cabuza)
Azapa-71 (Cabuza)

Azapa-75 (Tiwanaku/
Maitas-Chiribaya)

Azapa-141 (Cabuza)

Azapa-8 (Gentilar)

UM3PCA UM1

0/13

1/18

4/30

6/20

0/10

1/50

4/35

2/24

3/22

4/25

6/40

1/11

0/12

5/50

3/17

2/13

8/36

14/39

8/24

6/42

3/10

21/123

9/41

7/42

8/42

13/62

16/49

11/59

18/72

9/39

4/48

1/15

1/12

7/22

PARA

2/13

4/16

1725

2/20

5/16

12/67

5/41

3/37

1/17

0728

10/33

2/5

1/16

0723

1/13

2/19

1/28

2/32

1/19

5/37

0/8

9/130

1/43

5/45

4/23

0748

0742

0744

5/73

4/35

2/49

0/17

2/17

0721

UPIRT URPCA UIIWING LM3CA

10/10

15/17

19/26

12/16

9/9

35/42

32/36

19/24

16/20

17/17

29/33

16/17

9/10

31/36

13/13

11/12

24/30

29/32

18/24

12/24

10/11

112/130

36/44

29/42

26/36

55/58

46/47

48/51

40/52

24/30

42/48

12/13

6/10

10/16

1/17

1721

0/39

2/26

0/19

1/68

1/45

0/47

0/23

1/34

1740

1/13

0/23

3/76

0/17

0/21

1741

2/43

1727

1/42

0/11

8/150

6/50

4/47

3/50

6/65

3/50

4/60

4/76

2/42

2/50

2/18

0716

0724

2/12

10/19

9/38

11/22

7/9

19/28

22/26

16/19

17/21

13/29

22/35

10/18

5720

19/60

1/14

3/12

18/43

21/41

15/21

26/36

0/9

66/139

23/42

31/48

25/38

5/62

1/49

12/59

17/73

8/38

9/51

4/17

4/15

9/23

1/15

3/21

2/33

1721

0/13

3/60

1/46

1/38

1/19

4/38

7/41

5/21

1/14

3/61

3/18

1/12

3/18

4/32

2/15

1726

1/14

12/121

9/43

6/43

2/22

5/60

6/24

9/44

15/68

5/33

4/43

1/14

0/10

3/21

LM2
RT

10/10

8/18

23/26

10/16

7/10

26/40

18/24

18/27

8/14

14/54

23/32

18/25

12/13

33/54

12/19

11/12

4/8

13/18

9/11

11/16

9/11

86/110

27/42

25/38

15/18

52/57

20/22

31733

42/52

18/24

32/39

6/12

5/7

18/21

ANDES

LM1  LPI

RT TOME
v 1/13
122 2/19
0/28  0/15
/16 221
0/16  0/10
/52 5/50
242 3/40
129 2/24
0/16  0/14
035 0/32
034 1736
0/22 025
120 0/14
5/56  0/49
0/15  0/19
020 2/13
212 215
2120 0/28
/11 1/9

224 0/17
0/11 /13
5135 9/115
0/45 U4
3/44 137
/14 0/23
1/66  1/47
024 1720
0/41 2739
0/65  6/44
027 423
0/43  8/46
0/14  0/11
0/14 1/9

0/19 2720

ULP12
ODONT

0/24

0/50

0755

1/42

2/100

6/155

2/119

0/83

0/39

2/55

2/109

0/19

3/41

1/53

0/41

0/43

1/58

0/105

0/28

0796

2/37

2/372

1/140

1/146

0758

0/122

3/84

0/124

0/242

0785

7/99

0724

0745

1/64
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Table 2.2. (Continued)

UPIRT UIRPCA UIIWING LM3CA LM2 LM1 LP1

ULP12

Sample UM3PCA UMl

PARA
ﬂgﬁ;}f"er"‘ (San 15/39 035 35/36 8/41
Camarones Chinchorros 2/17 0/11 15/15 0/19
Camarones-8 5/12 0/12 11/11 1/13
Camarones-9 1/17 0721 10715 0/21
Toconao 1728 2/9 22/28 0/37
Coyo Oriente 17/134 2/75 71/85 6/137
Casa Parroquial 1/9 0/5 4/6 078
PuntaTeatinos 22/82 0740 63/65 0/93
Araucano 4/28 2/23 20/23 0/32
Fueguino 0/43 0/38 18/20 0745

RT RT TOME ODONT
7/41 2/25 18/20 0/21 0721 3/87
2/19 2/13 7/10 0/12 0/11 0/21
7/12 1/13 6/9 0/12 0/11 0733
9/19 1/17 10710 1/18 1/13 0740
10/34 0/29 7/11 1/18 2/31 0722
36/124 5/71 17/27 0/14 3/73 2/223
6/9 2/8 3/6 0/7 2/10 1728
18/75 18/84 31/61 0775 0/69 3/149
9/28 4/17 9/14 0715 1/14 2/56
7/42 0/28 13/16 0/16 1/16 0/103

UM3PCA - Upper third molar — present/congenitally absent; UM1PARA — Upper first molar parastyle; UP1RT — Upper first premolar root number;
UI2ZPCA - Upper second incisor — present/congenitally absent; UI1 Wing — Upper first incisor winging; LM3CA — Lower third molar congenital absence;
LM2RT - Lower second molar root number; LM1RT - Lower first molar root number; LPI'TOME — Lower first premolar Tome’s root; ULP12RT —

Upper/lower first and second premolar odontome.

investigation by this author (Sutter 2007). The ATD
is highly correlated with other measures that are com-
monly used in biodistance studies (Sokal and Sneath
1963; Constandse-Westermann 1972; Finnegan and
Cooprider 1978; Gonzilez-José et al. 2001). The matrix
of ATD values was analyzed using Ward’s hierarchical
clustering procedures. Hierarchical clustering proce-
dures produce easily interpretable visual representations
(i.e., tree diagrams) of complex distance matrices
(Aldenderfer and Blashfield 1984; Norusis 1994) (Table
2.3). Ward’s clustering procedure forms clusters that
minimize variance within each cluster while maximizing
the variance among clusters.

Results

Inspection of the dental trait frequencies for the forty-
four Andean mortuary samples examined here reveals
that more complex root and tooth cusp traits (i.e.,
sinodonty) are observed at highest frequencies among
northern Peruvian sites associated with food production.
These traits are observed at lowest frequencies among
Paleoindians, all Preceramic period samples, and most
food-producing samples of the Southern Cone. I have
previously reported (Sutter 2003; Sutter and Cadwell
2004) that when classified by discriminant functions
analysis using Turner’s previously published dental trait
frequencies for both Asian and New World populations,
the Andean Paleoindians, Preceramic period samples,
and Chilean samples of the Southern Cone examined by

this study are classified as sundadonts (i.e., more similar
to Southeast Asians’ dental trait frequencies), whereas
all Peruvian mortuary samples are classified as sinodonts
(i.e., more similar to northeast Asians’ and other Native
Americans’ dental trait frequencies). The results of
this and the aforementioned investigations reveal that
prehistoric south-central Andean populations do not
strictly adhere to the sinodont/sundadont dichotomy as
suggested by Turner (1985, 1990). As I have reported
elsewhere (Sutter 1997, 2000, 2005, 2007), there
are clear and statistically significant diachronic and
geographic trends in dental trait frequencies among
prehistoric Andean mortuary samples.

The hierarchical clustering diagram reveals clear
chronological and temporal trends in tooth trait expres-
sion among the forty-four prehistoric Andean samples
examined (Figure 2.2). In the cluster diagram, mortuary
samples characterized by lower frequencies of tooth
cusp and root traits are found in Cluster 1, while those
samples characterized by higher frequencies of tooth
cusp and root traits are found within Cluster 2. On
closer inspection, the mortuary populations in Cluster
1 represent either Preceramic populations or popula-
tions from the Southern Cone of South America, or
both. Of note, the Andean Paleoindian sample is also
found in Cluster 1. In addition, with one exception, La
Galgada, all the Peruvian Preceramic mortuary samples
(i.e., Huaca Prieta, Chilca I, Paloma, Ilo Preceramic,
and Rio Seco) are also located in Cluster 1.
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Camarones - 9

Paloma

Azapa - 75

Huaca Prieta
Azapa - 141

Fuegino

Paracas

Punta Teatinos

Araucano

Chilca 1

Toconao
Coyo Oriente
Azapa - 140

Rio Seco

Paleoindian

Camarones Chinchorros
Playa Miller - 7

Azapa Chinchorros

Alto Ramirez

Azapa - 71

Azapa - 6

Tlo Preceramic

Playa Miller - 4

Asia

Azapa - 8

La Galgada

Venezuela

Casa Parroquial

Tiwanaku
Yaral
San Geronimo

Chiribaya Alta

Cabezas Largas

Camarones - 8

Falda

Cotabamba
Huaca de la Luna P3C - Sacrifices
Pacatnamu

Huaca de la Luna - Platforms

Huaca de la Luna - Urban Sector

Cerro Oreja - Gallinazo 2

Cerro Oreja - Gallinazo 3

Cerro Oreja - Gallinazo 1

I

Cerro Oreja - Salinar

Figure 2.2. Hierarchical cluster diagram of the matrix of average taxonomic distances (ATD) among forty-four prehistoric Andean mortuary samples. The
procedure resulted in two clusters, each containing two subclusters. The first cluster contains the Paleoindians and most Preceramic and Southern Cone
samples, which are characterized by low frequencies of sinodont traits. The second cluster contains samples representing food-producing populations,
primarily from Peru.
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In contrast to samples found in Cluster 1, samples
found in Cluster 2 are characterized by higher fre-
quencies of sinodont tooth cusp and root traits. It is
important to point out that all of the mortuary samples
in Cluster 2 are associated with food production.
Generally, the populations represented by the mor-
tuary samples in Cluster 2 are from Peru. There are
two notable exceptions to this tendency: the Middle
Horizon Casa Parroquial sample from San Pedro de
Atacama and the terminal Late Intermediate period
mortuary sample from Camarones-8 are also both
found in Cluster 2. These exceptions and their relations
to other south-central Andean samples examined by this
study deserve closer examination and are discussed in
more detail below.

Because one of the goals of this study was to focus
on the emergence of social complexity and biological
relations among prehistoric south-central Andeans,
cluster analysis was also performed on a subset of the
data that included the Paleoindian sample and samples
from the south-central Andean region. This is justified
because clusters formed by Ward’s clustering proce-
dure are influenced by the globally optimal solution
(Aldenderfer and Blashfield 1984). For this reason, the
degree of relatedness among south-central Andeans
may be obscured by examining only the globally
optimal solution for all forty-four prehistoric Andean
mortuary samples.

The resulting cluster diagram using only the
Paleoindian and prehistoric south-central Andean
samples produced two broad clusters (Figure 2.3). The
first cluster has two subclusters, the first containing
the Paleoindians, the Late Archaic Ilo Preceramic and
Azapa Chinchorro samples, northern Chilean Formative
period samples from Playa Miller-7, and Alto Ramirez,
and the Late Intermediate period mortuary sample
from Playa Miller-4. The second subcluster contains
only northern Chilean samples. These include the Late
Archaic Camarones Chinchorro sample, Formative
period Toconao, and Middle Horizon Coyo Oriente
samples from San Pedro de Atacama, Middle Horizon
and Late Intermediate period inland samples from the
Azapa Valley (Azapa-6, Azapa-71, Azapa-75, Azapa-
140, Azapa-141), and the Late Horizon Camarones-9
samples.

The second cluster contains the Late Archaic/Middle
Horizon Tiwanaku sample, all Late Intermediate
period Moquegua Valley samples (i.e., Yaral, Chiribaya
Alta, and San Gerénimo), the Middle Horizon Casa
Parroquial sample from San Pedro de Atacama, Chile,

Gene Flow from
Food-Producing
Populations with
Sinodont Trait 4
Frequencies ~Z

: ) Direct Descendants j
" of Paleoindians with .~ (
_ Sundadont Trait =~

Frequencies ~—
o

Figure 2.3. The hypothesized spread of sinodonty into South America
via the Isthmus of Panama. Theoretically, this migratory event—best
described as a demic expansion—was driven by the increased fertility of
the preexisting sinodont Central American sinodont population. This
demic expansion would have begun during the Boreal period and its
impact would have been limited south of the Peruvian-Chilean border as
a result of decreased agricultural productivity in the Atacama Desert.

and terminal Late Intermediate period Gentilar samples
from northern Chile (Azapa-8, Camarones-8). The
implications of these results are discussed below.

Discussion

Although there is considerable variability in the dental
trait morphology among the forty-four prehistoric
Andean mortuary samples reported here, there are clear
chronological and directional trends indicating that
the number and complexity of tooth cusps and roots
increase through time (i.e., dental traits become more
complex or sinodont-like) and are observed at their
highest frequencies in the northern Andes. These tooth
trait frequencies decrease among the mortuary samples
reported here as one moves south. The broader impli-
cations of these results are that at least two migratory
events occurred in the prehistoric Andes. While in situ
microevolution may account for some of the observed
differences in dental trait variability among prehistoric
Andean populations, I have argued elsewhere (Sutter
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1997, 2000, 2005, 2007) that this variability is probably
the result of a second migration into South America
(Figure 2.4).

According to this scenario, the first migration cor-
responds to the initial colonization of South America
by the Paleoindians, while the second migration is rep-
resented by northern and central Andean populations
that would have been characterized by relatively higher
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Late Archaic - Moquegua

frequencies of increased tooth cusp and root number.
"Tentatively—based in part on the first appearance of
sinodonty at La Galgada, and following observations
made by Newman (1948) and Ericksen (1962)—I
propose that the second wave followed a north-to-
south route along the Andean highlands, and later
proceeded from the highlands to the coastal valleys.
Additional Andean samples with good chronological
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Figure 2.4. Hierarchical cluster diagram of the matrix of average taxonomic distances (ATD) among the Paleoindians and twenty-one south-central
Andean mortuary populations. The first cluster contains mortuary samples from Tiwanaku, the Middle Horizon Casa Parroquial sample from San Pedro
de Atacama, Late Intermediate period Chiribaya samples from the Moquegua Valley, and terminal Late Intermediate period samples from Azapa-8
and Camarones-8. The second cluster contains the Paleoindians, Ilo Preceramic sample from the Moquegua Valley, and all remaining samples from

northern Chile.
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control will have to be examined to test the validity of
this proposed route. Indeed, Haas (2004) implies that
this demographic expansion may have had its origins
in the coastal valleys of northern Peru, while Lathrap
(1970) proposed an Amazonian source for this influ-
ence. However, support exists for the Andean route
by molecular studies (Demarchi et al. 2001; Keyeux
etal. 2002).

Rather than indicating a large-scale migration
resulting in population replacement, the second wave
likely represents increased fertility among the earliest
food-producing populations arriving in South America
from the north from Mesoamerica via the Isthmus of
Panama. According to this scenario, food-producing
populations of Mesoamerica would have been charac-
terized by higher frequencies of complex tooth cusp
and root traits relative to the earlier South American
populations that represent direct descendants of the
Paleoindians. This economic shift resulted in both
substantial and directional gene flow associated with
these cultural changes and can best be described as a
demic expansion (also referred to as “demic diffusion”
or “wave of advance”)—a well-established concept in
molecular studies that other investigators have applied
to explain observed genetic and morphological changes
among prehistoric populations to the demic expansion
of food-producing populations into Europe (i.e., the
LBK expansion) (Sokal and Menozzi 1982; Sokal et al.
1991; Barbujani et al. 1994; Cavalli-Sforza et al. 1994;
Jacobs 1994; Semino et al. 1996; Pinhasi and Pluciennik
2004). The higher fertility of intensive agriculturalists
relative to that of both foragers and horticulturalists
is well documented in the anthropological literature
(Clark and Brandt 1984; Campbell and Wood 1988;
Armelagos et al. 1991; Bentley et al. 1993a, b).

Indeed, in a study using the same forty-four pre-
historic Andean mortuary samples reported here, I
(2007) examined three competing models explaining
the peopling of the Andes using the matrix method
technique. These models include one that posits all
prehistoric Andeans are directly descended from the
Paleoindians, a second that posits complete replacement
of the Paleoindians by a subsequent migration of popu-
lations characterized by sinodonty, and a third model
showing demographic expansion of food-producing
populations whose origins begin in the northern Andes
and proceed south through time toward the Southern
Cone. For the single migration model (i.e., Paleoindian
origins from all prehistoric Andeans), two migrations
with complete replacement of the Paleoindian model,

and demic expansion models, I (2007) showed that once
geographic distance is controlled for, the demic expan-
sion model is significantly related to the biodistances
among the forty-four prehistoric Andean samples and
best explains the observed patterns.

While the exact timing of the demic expansion
into South America is difficult to estimate (given the
relatively limited number of mortuary samples available
for study), compelling evidence exists. Theoretically,
this demic expansion would be closely related to the
beginning of food production in the Formative period
of different regions of South America. Accordingly,
this expansion had its origins in northwestern South
America, where the earliest evidence for agriculture
is found (Pearsall 1992). The shift to food production
and the hypothesized demic expansion likely cor-
responded with worldwide environmental changes
during the Boreal period (4500-3500 BC). The Boreal
period is characterized by highly variable precipitation
and increased temperatures (Heusser 1983; Nuiiez
1983; Thompson et al. 1992). Archaeologically, this
period is associated with the restricted distribution
of important resources, and humans responded to
these changes through the intensified exploitation of
important resources and experimented with new forms
of subsistence.

In South America, a number of plants were already
being cultivated prior to the end of the Boreal period
(Quilter and Stocker 1983; Quilter 1991; Pearsall
1992); however, a complete shift to food production
had not occurred. Conditions during the subsequent
Atlantic period (3500-1500 BC) are implicated in the
increased productivity of C3 plants (Sage et al. 1995)
such as maize, sedges, and other important New World
cultigens (Street-Perrott et al. 1997). The Atlantic
period is characterized by a decrease in temperature
and an increase in humidity and atmospheric CO,
levels. This period also marks the emergence of modern
ocean levels, ocean currents, and the El Nifio (ENSO)
phenomenon (Thompson et al. 1992; Sandweiss et al.
1996, 1999). The increased productivity of these plants
may have triggered the economic shift from simple
supplemental cultivation of tropical domesticates to
intensive agriculture.

The results reported here beg the question, what
were the origins of these initial sinodont populations?
I have previously proposed two possibilities. Firs, it is
possible that sinodonty was already present among the
initial colonists of the New World (Sutter 2005). Others
report that North American Paleoindian dental (Powell
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1993, 1995, 2000; Scott and Turner 1997; Powell and
Neves 1998; Powell and Rose 1999) and craniometric
morphology (Neves et al. 1996a,b; Jantz and Owsley
1998a, b; Neves et al. 1999a—d, 2001; Powell and
Neves 1999; Powell and Rose 1999) is highly variable,
but much less so among South American Paleoindians
(Neves and Pucciarelli 1991; Munford et al. 1995;
Neves et al. 1996a, b, 1999a—d, 2001; Powell and Neves
1998). Powell (1995) and Powell and Neves (1999)
correctly point out that it is possible that microdif-
ferentiation among the initial colonizers of the New
World led to some local Paleoindian populations being
characterized by sinodonty while others may have been
characterized by sundadonty. If this were the case, then
the initial colonizers of South America, characterized
by a sundadont dental pattern, may have experienced a
bottleneck as they passed through Central America to
South America.

The second possibility is that the Paleoindians
and their direct descendants—who would have been
characterized by sundadonty and a “proto-Mon-
goloid” (Munford et al. 1995; Neves et al. 1996a;
Brace et al. 2001; Gonzilez-José et al. 2003, 2005)
or “generalized Mongoloid” (Lahr 1995, 1996, 1997)
morphology—are genetically and morphologically
distinct from other Amerindians and northeast Asians
who are characterized by sinodonty and Mongoloid
craniometric morphology. Once again, this is not a
novel proposition, as others also contend that the
Amerindian samples reported by Turner (1983, 1985)
and Greenberg et al. (1986) represent two or more
genetically and morphologically distinct populations
(Neves and Pucciarelli 1989; Powell 1993, 1995, 2000;
Lahr 1995, 1996, 1997; Munford et al. 1995; Neves
et al. 1996b; Powell and Neves 1998, 1999; Neves et
al. 1999a, ¢, 2001; Steele and Powell 2002). As Lahr
(1995:188) correctly points out, this scenario does not
necessarily require a revision in dating the arrival of
the Paleoindians and other Amerindians, nor does it
preclude their arrival in two simultaneous but morpho-
logically distinct colonizing populations.

Whichever of the two aforementioned models
explains the origins of New World populations char-
acterized by sinodonty or a Mongoloid craniofacial
morphology, the data presented both here and by others
(Lahr and Haydenblit 1995; Powell and Neves 1998;
Gonzélez-José et al. 2002) suggest that the earliest
inhabitants of South America and their Preceramic
period descendants would have been characterized by
sundadonty and a proto-Mongoloid or generalized

Mongoloid craniofacial morphology, while the sub-
sequent demic expansion would have been associated
with populations characterized by sinodonty and a
Mongoloid craniofacial morphology. Based on trends
in the currently available craniometric and dental data,
the most likely source for the detected demic expansion
was external to South America.

IMPLICATIONS FOR MOSELEY’S
MARITIME HYPOTHESIS

Moseley (1975, 1992) has cogently argued that large,
dense Preceramic populations of north and central
coastal Peru were supported by essentially unlimited
marine resources. He suggests that the reliance on
marine resources would have permitted the emer-
gence of craft specialization, and a need to organize
large public works would have required organiza-
tional leaders. These factors, Moseley contends, made
Preceramic coastal populations pre-adapted to socio-
political complexity and the emergence of civilization.
Although recent reports of Caral from the Supe Valley,
Peru are claimed to contradict Moseley’s maritime
hypothesis (Haas 2004), investigators’ impressions of
the refuse from Caral indicate an almost exclusive reli-
ance on marine resources, with the only cultigen being
an economic plant, cotton (Haas 2004).

Data from my study suggest that the Preceramic
mortuary populations associated with early monu-
ments on the north and central coast of Peru represent
direct descendants of the Paleoindians (see Figure 2.2).
With the exception of La Galgada, an aceramic food-
producing population of the northern sierra of Peru
(Grieder and Bueno 1988), all other Preceramic mor-
tuary populations examined in this study (Huaca Prieta,
Rio Seco, Paloma, Chilca I, Asia, Ilo Preceramic, Azapa
Chinchorros, Camarones Chinchorros, Punta Teatinos,
Araucanos, and Fueginos) also represent direct descen-
dants of the Paleoindians.

Among the forty-four prehistoric samples I exam-
ined, the impact of the proposed demic expansion
associated with the north-to-south spread of food
production is first detected in the northern Peruvian
sierra at La Galgada. Did food production and, hence,
sinodonty appear first in the highlands and proceed west
into the coastal valleys? Given the limited number of
highland Preceramic mortuary populations available for
study, it is unclear whether the appearance of sinodonty
at La Galgada represents a real trend or an anomaly.
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If this trend was the case, then terminal Preceramic
coastal populations likely received substantial gene
flow from in-migration of adjacent sierra populations
from the east. This explanation receives some sup-
port from previous morphological studies that note
gene flow among coastal populations (Newman 1948;
Ericksen 1962; Turner cited in Benfer 1984). Indeed,
both Ericksen (1962) and Newman (1948) suggest that
these trends were due to an influx of highlanders into
the coastal areas.

The results of my study neither support nor contra-
dict Moseley’s maritime hypothesis. However, insofar
as some of the Preceramic samples | examined were
from sites used by Moseley to support his hypothesis,
it is unlikely that Late Preceramic north and central
coastal populations represent direct ancestors to later
agricultural populations of the region or—contrary to
suggestions implied by Haas (2004)—to the subsequent
development of complexity detected throughout the
Peruvian Andes. Rather, the results presented here
provide us with provocative new insights regarding
population dynamics and possible external cultural
influences at the close of the Preceramic period on the
coast of Peru. Relative to neighboring food-producing
populations to the east and north, the primarily
maritime-based subsistence of Preceramic coastal popu-
lations would have been characterized by a lower rate
of population growth. During the Cotton Preceramic-
Early Horizon transition, populations of the northern
and central coast would have received an influx of
migrants from neighboring food-producing popula-
tions from the east and north that would have been
characterized by higher frequencies of complex tooth
and root traits. However, this influx does not represent
a migration with population replacement. Instead, adja-
cent neighboring populations that gradually adopted
food-production (and with which the coastal popula-
tions presumably would have had both exchange and
breeding relations) would have had greater rates of
population increase, thereby interbreeding with existing
coastal populations and “drowning out” their genetic
contributions. This model may account for the appear-
ance of apparently “Amazonian” iconographic influence
among coastal Cupisnique ceramics and clay friezes.

The proposed demographic expansion would have
proceeded south into the southern highlands and coast
of Peru as the economy shifted to food production
during the Early Horizon. The population influx is
apparent among the Early Horizon Cabezas Largas
and Falda mortuary populations of the Paracas region.

Interestingly, Tello’s Paracas sample is not located
with other Peruvian food-producing populations but
instead is located in Cluster 1A. This exception will
require further consideration by subsequent studies
that consider additional samples from the south-central
coast of Peru.

IMPLICATIONS OF THE DEMIC
EXPANSION FOR THE SOUTH-
CENTRAL ANDES

If we focus on only those Peruvian samples from
the south-central Andes, a number of important
relationships can be ascertained that have important
implications for understanding the population dynamics
and the emergence of complex societies of the region.
More specifically, a topic that has received considerable
attention by investigators is the relationship between
the Tiwanaku and other populations of the region.
Questions remain regarding where and to what degree
Tiwanaku colonists were responsible for spreading
Tiwanaku material culture. While both archaeological
and biodistance studies apparently confirm the pres-
ence of Tiwanaku colonists in the middle Moquegua
Valley (Goldstein 1993; Blom et al. 1998; Blom 1999;
Knudson 2004), others report that Tiwanaku’s influence
in the Azapa Valley, Chile (Sutter 1997, 2000; Sutter
and Mertz 2004), the eastern valleys of Bolivia (Blom
and Janusek 2001; O’Brien 2003), and San Pedro de
Atacama (Stovel 2002; Knudson 2004) was primarily
cultural and not biological.

Of related interest are the possible secondary popula-
tion dispersals and cultural influences that resulted from
the environmentally induced collapse of the Tiwanaku
(Kolata 1993; Ortloff and Kolata 1993). The primary
region of focus for these studies has been the Moquegua
Valley, Peru (Owen 1993; Sutter 1997, 2000; Lozada
1998; Lozada and Buikstra 2002; Knudson 2004).
Following the collapse of Tiwanaku’s influence in the
middle Moquegua Valley, there is an apparent dispersal
of previous Tiwanaku colonists, with new settlements
appearing both on the coast and along the upper tribu-
taries to the Moquegua Valley and the simultaneous
emergence of new, highly variable ceramic styles,
including Tumilaca and Chiribaya (Bawden 1989, 1993;
Goldstein 1993; Owen 1993). Although most scholars
recognize a direct relationship between Tiwanaku and
subsequent Tumilaca and Chiribaya ceramics (Goldstein
1985; Bawden 1989; Owen 1993), some scholars
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(Lozada 1998; Lozada and Buikstra 2002) contend that
Chiribaya represents a primarily coastal and Middle
Horizon polity with roots in earlier coastal inhabitants.
Others, however, argue (Owen 1993; Sutter 1997, 2000;
Umire and Miranda 2001) that the coastal Chiribaya
represent post-Tiwanaku-influence terminal Middle
Horizon/early Late Intermediate period migrants from
the middle Moquegua Valley. Based on his excavations
and complete survey in the coastal Moquegua, Owen
(1993, 2005) argues that this migration occurred during
the collapse of the Tiwanaku polity’s influence in the
middle Moquegua Valley region.

Based on a number of radiocarbon dates from human
skeletal materials, Lozada (1998:52) and Lozada and
Buikstra (2002:54-57) argue that the coastal Chiribaya
were contemporaneous with both the Tiwanaku and
their colony in the middle Moquegua Valley. By logical
extension, if the coastal Chiribaya were contempora-
neous with the Middle Horizon Tiwanaku, then the
coastal Chiribaya could not be related to the highland
Tiwanaku or the Tiwanaku colonists from the mid-
valley region. To support these claims, Lozada (1998)
and Lozada and Buikstra (2002) present biodistance
comparisons based on nonmetric cranial trait frequen-
cies recorded for the coastal Chiribaya from Chiribaya
Alta, San Gerénimo, and Algodonal, and compare these
mortuary populations with a coastal Formative period
mortuary sample from Roca Verde and with middle
valley remains from La Yaral and Tiwanaku-affiliated
remains from Chen Chen. Using a model-bound
approach, these investigators report that all of the
samples are significantly different from the middle
valley Chen Chen sample, yet fail to exhibit significant
distances among the remaining samples. Because of
this, they argue, the coastal Chiribaya have both their
cultural and genetic origins among the preceding
Formative period coastal populations, as represented by
the Roca Verde mortuary sample. However, a critical
evaluation of both the chronology and biodistance anal-
yses for the Moquegua Valley coastal Chiribaya reveals
that Lozada’s (1998) and Lozada and Buikstra’s (2002)
scenario for the coastal Chiribaya is problematic.

"To begin with, Lozada’s (1998) and Lozada and
Buikstra’s (2002) revised chronology for the coastal
Chiribaya relies on radiocarbon dates from human
skeletal remains associated with Chiribaya ceramics.
These investigators report dates for the Chiribaya that
range between AD 772 and AD 1113. Overlapping
radiocarbon ranges from remains associated with dif-
ferent Chiribaya ceramic styles led the investigators

to argue that these ceramics were contemporaneous.
However, the dates reported by Loazada (1998) and
Lozada and Buikstra (2002) are centuries earlier than
numerous dates reported for other Chiribaya contexts
(Stanish and Rice 1989:8; Owen 1993:407-408, 2002,
2005) and contradict relative chronologies derived
from both ceramic seriation and excavated stratified
sequences (Jessup 1990a,b; Owen 1993; Umire and
Miranda 2001). Further, Owen’s (2002) investigation
of the relationship between radiocarbon dates from
both Chiribaya human remains and their associated
wool textiles indicates that dates based on the human
remains are on average more than 100 years earlier than
those based on their associated textiles. Owen (2002)
points to studies indicating the Chiribaya had a large
marine component in their diet, leading him to sug-
gest a dramatic carbon reservoir effect for dates from
human remains. Indeed, the preponderance of dates
for the coastal Chiribaya indicates that they existed
between AD 900 and AD 1350 and represent a cultural
phenomenon that postdates the Tiwanaku influence in
the middle Moquegua Valley.

Perhaps even more problematic are both the data
and biodistance analyses employed by Lozada (1998)
and Lozada and Buikstra (2002). First, with the excep-
tion of Chen Chen, all other data were collected by the
principal author of these studies. Notably, the Chen
Chen sample—the only mortuary population Lozada
did not record herself—exhibits significant differences
from all other mortuary samples examined, yet none
of the other sample comparisons produced statistically
significant differences (Lozada 1998:103-107; Lozada
and Buikstra 2002:97-98). According to the investi-
gators, the data for Chen Chen—which were scored
by Blom (1999)—are comparable to data from their
study: in order to evaluate interobserver error between
Lozada and Blom, the two evaluators scored a collec-
tion not used in Blom’s or Lozada’s studies. According
to Lozada (1998:99) and Lozada and Buikstra (2002:94),
traits were eliminated only in instances where Lozada
and Blom’s scores for the commonly scored collection
were significantly different from one another (i.e., 90%
disagreement). Traditionally, traits scored by different
investigators are included in biodistance analyses only
in instances where the traits are scored with 90%
agreement between evaluators. The criteria employed
for evaluating interobserver error cast serious doubt
on the underlying cause for the significant differences
reported between the Chen Chen sample and those
scored by Lozada.
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Lozada (1998) and Lozada and Buikstra (2002) have
also called into question previous studies that explore
the origins of the coastal Chiribaya (Sutter 1997, 2000)
because these studies employed a parametric, model-
free approach using the mean measure of divergence
(MMD). However, the simple mean frequency differ-
ence formula used by Lozada (1998:101) and Lozada
and Buikstra (2002:95) to estimate biological related-
ness among their samples fails to take into account
sample sizes. Indeed, the biodistance formula used
by the authors causes traits with either very high or
very low frequencies to be weighted disproportion-
ately (Hallgrimsson et al. 2004:262). Because Lozada’s
(1998) data are not presented in full, it is not possible
to fully evaluate to what degree the aforementioned
problem might influence her results. However, inspec-
tion of the table of frequencies (Lozada 1998:Appendix
B) indicates that 113 (35%) of 323 trait frequencies
used for biodistance calculations were extreme (i.e.,
>0.9, <0.1). With more than one-third of the trait
frequencies being extreme, any conclusions based on
the significance of biodistance values from their study
are equivocal. Further, although the alternative non-
parametric, model-bound approach is proposed to be
superior to the MMD (Lozada 1998:101; Blom 1999;
Lozada and Buikstra 2002:95), a recent comparison of
the two approaches found both that the MMD is a more
conservative statistic and that its results are highly cor-
related with those derived using the bootstrap technique
(Hallgrimsson et al. 2004:265).

The cluster diagram produced from biodistance
results for the Paleoindian and twenty-one south-
central Andean mortuary samples examined in my study
indicate that the post-Tiwanaku-influence Moquegua
Valley Chiribaya samples from La Yaral, Chiribaya
Alta, and San Gerénimo are all located in the same sub-
cluster as the Tiwanaku sample, along with the Middle
Horizon San Pedro de Atacama Casa Parroquial sample
and terminal Late Intermediate period Gentilar samples
from Azapa-8 and Camarones-8 (see Figure 2.3). All
of these samples would all have received contributions
from the agriculturally driven demic expansion into
the south-central Andes. Their close proximity in the
cluster diagram implies recent common ancestry among
these samples. It is also noteworthy that the earliest
sample from the Moquegua Valley, the Ilo Preceramic
mortuary sample, clusters with the Paleoindians and
other Preceramic period and Southern Cone samples
in a second cluster, suggesting these populations are
directly descended from the Paleoindians.

If we consider temporal trends in these results as
they relate to the question of relations among both
Middle Horizon and post-Middle Horizon samples,
the San Pedro de Atacama Casa Parroquial mortuary
population is the Middle Horizon sample most similar
to the Tiwanaku population. These results are provoca-
tive, given the nature of the Casa Parroquial sample:
although not yet reported, the sample is composed
of possible nonlocal individuals from a wealthy group
tomb (Lautaro Nuifiez, pers. comm.). According to
Nuifiez, individuals from this grave were interred with
elaborate ceramics, textiles, and spectacular gold keros,
snuff tubes suggesting strong material ties with the
Tiwanaku Middle Horizon polity. The placement of the
sample from Casa Parroquial with the Middle Horizon
sample from the Tiwanaku Basin strongly suggests
that these samples shared recent common ancestors.
It is clear, based on the clustering of the San Pedro
de Atacama Formative period Toconao and Middle
Horizon Coyo Oriente samples with the Paleoindians
and other northern Chilean samples of the second
cluster, that these samples are not closely related to the
Tiwanaku sample, contrary to the assertion of some
investigators (Berenguer and Dauelsberg 1989; Oakland
1992). These results from the Middle Horizon Coyo
Oriente sample are consistent with Knudson’s (2004)
examination of strontium isotopes of bones and teeth,
which indicated that none of the individuals from Coyo
Oriente had strontium signatures characteristic of the
Lake Titicaca Basin. Although strontium isotopes
cannot address common recent ancestry between the
Tiwanaku and Coyo Oriente populations, the data
can provide insights into where individuals may have
been raised as children and where they lived as adults.
All of the individuals from Coyo Oriente sampled by
Knudson (2004) were raised on local diets, indicating
their local origin.

Middle Horizon samples from the Azapa Valley are
also found in the same cluster (although a different sub-
cluster) as the Paleoindian sample, suggesting a direct
ancestor-descendant relationship among these samples,
with relatively little genetic contribution from Middle
Horizon Lake Titicaca Basin populations. Indeed,
Sutter and Mertz’s (2004) study of nonmetric cranial
trait variation among Azapa Valley samples also failed
to report evidence for a nonlocal immigrant mortuary
population.

Among post-Tiwanaku samples, the middle
Moquegua Valley La Yaral sample is most similar to
the Tiwanaku mortuary population, followed by the
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contemporaneous samples from Chiribaya Alta and San
Gerénimo. Their placement within the same cluster
with the Tiwanaku sample indicates an ancestor-descen-
dant relationship among Middle Horizon Titicaca
Basin populations and terminal Middle Horizon/early
Late Intermediate period coastal Chiribaya. Indeed,
Knudson’s (2004) strontium isotope analysis indicated
that one (25%) of four individuals sampled from
El Yaral and four (33%) of twelve individuals from
Chiribaya Alta (Knudson 2004:114-116) were raised
at nonlocal, likely Titicaca Basin locations (i.e., ones
with a different strontium signature). Interestingly,
although they are supposed to be altiplano colonists,
only four (16%) of twenty-five individuals interred at
the middle valley Chen Chen site were found to be
raised on nonlocal diets. However, Knudson’s results
clearly indicate that some Moquegua Valley Chiribaya
individuals represent migrants who were raised in the
adjacent highlands to the east. Although Knudson’s data
do not provide information regarding common recent
ancestry among the coastal Chiribaya and preceding
Middle Horizon middle valley Chen Chen colonists,
they do make a strictly coastal origin model for the
coastal Chiribaya untenable.

Unfortunately, the biodistance results presented
by this study do not indicate at what point in the past
the Tiwanaku and coastal Chiribaya samples shared a
common ancestor. However, these results provide sup-
port for Owen’s (1993, 2005) archaeologically based
model for the origins of the Chiribaya. Owen contends
that prior to the collapse of Tiwanaku’s influence in
the middle Moquegua Valley, the coastal valley was
sparsely populated by Algodonal Early Ceramic peoples
whose sites were smaller and fewer than those of the
subsequent post-Tiwanaku occupation of the valley.
Beginning around AD 900, Owen (1993, 2005) detects
the appearance of both Chiribaya and Ilo-Tumilaca/
Cabuza ceramic traditions on the coast, with a simulta-
neous and substantial increase in both site size and site
number. These new ceramic traditions, Owen contends,
are strikingly similar to those found in the middle
Moquegua Valley that appeared in the vacuum created
by the collapse of the Tiwanaku’s influence. Based on
the striking cultural similarities to the previous middle
valley populations and the unmistakable differences
from the preceding Algodonal Early Ceramic coastal
inhabitants, Owen (1993) argues the coastal Chiribaya
and Ilo-Tumilaca/Cabuza represent migrants from the
middle Moquegua Valley. In light of both the archaeo-
logical data and the biodistance results presented here,

it appears that Lozada’s (Lozada 1998; Lozada and
Buikstra 2002) model for the origins of the Chiribaya
is unlikely.

In northern Chile, with the exceptions of the ter-
minal Late Intermediate period samples from Azapa-8
and Camarones-8, all the remaining Late Intermediate
period samples cluster with the Paleoindians (see
Figure 2.3). Two important conclusions can be drawn
from these results. First, there is only a small genetic
contribution from the Titicaca Basin detected among
both terminal Middle Horizon and Late Intermediate
period northern Chilean mortuary populations. Second,
the demographic expansion detected in Peru had a
limited impact beyond southern Peru until very late
in prehistory. Both the Azapa-8 and Camarones-8
samples are terminal Late Intermediate period samples
associated with Gentilar ceramics. Whereas Gentilar
is relatively rare in the adjacent altiplano (Dauelsberg
1983), some have posited there may be some altiplano
influence among the populations represented by these
ceramic traditions (Dauelsberg 1983; Mufioz 1989:105;
Schiappacasse et al. 1989). It is presently unclear
whether the populations represented by the Azapa-8
and Camarones-8 Gentilar mortuary samples represent
Late Intermediate period altiplano colonists or simply
local coastal populations that received substantial gene
flow following the collapse of the Middle Horizon
Tiwanaku.

"The only Late Horizon sample from the south-cen-
tral Andes, Camarones-9, clusters with the first cluster.
Although burials from Camarones-9 were interred with
Inka ceramics (Mufioz 1989), it appears, based on the
biodistance relations to other northern Chilean and
Paleoindian samples, to be a population with locally
indigenous ancestors.

As to why the demic expansion of sinodonty had rela-
dvely little impact south of the Peruvian-Chilean border
until the terminal Late Intermediate period, I submit
the following explanation. The demic expansion model
requires differential reproductive rates between adjacent
populations. Geographic data for Peru (ONERN 1976,
1984) indicate that, as a general trend, both coastal
valley agricultural productivity and rainfall decrease
as one proceeds from north to south along the west
coast of Peru. This trend is exacerbated in the Atacama
Desert of northern Chile. Indeed, as one proceeds from
the Lluta to the Azapa, Camarones, and valleys farther
south, the irrigable land, river discharge, and agricul-
tural output all decrease (Rodriguez 1989:51-54), with
less than 0.03% of the total land being agriculturally
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productive. In light of the substantial decrease in agri-
cultural productivity in the south-central Andean region
as one proceeds from north to south, the demographic
differential that was driving the wave of gene flow
detected in northern and central Peru would have also
have been substantially decreased. Indeed, a number
of both molecular (Demarchi et al. 2001; Lalueza-Fox
1996; Lalueza-Fox et al. 1997; Merriwether et al. 1994;
Moraga et al. 2000; Turbén et al. 1994) and osteological
studies (Lahr 1995, 1996; Lahr and Haydenblit 1995;
Gonzilez-José et al. 2001) support the notion that
Southern Cone populations may represent descendants
of the Paleoindians who received relatively little genetic
contribution from food-producing northern and central
Andean populations.

CONCLUSIONS

The dental trait data presented here provide insights
into Michael Moseley’s interests in the relationship
among the environment, the emergence of social
complexity among Preceramic coastal people, and
population dynamics in the south-central Andes.
Following the initial colonization of South America by
the Paleoindians, a subsequent migratory event likely
occurred in association with the climatic optimum as
a result of increased fertility among Central American
sinodonts who made the economic shift to food produc-
tion. This event can be described as a demic expansion,
or gene flow, resulting from increased fertility of the
aforementioned food-producing populations.

The demic expansion proceeded from northeastern
South America south during the Formative period
in each adjacent region in the Peruvian and Bolivian
Andes. The implication for Moseley’s maritime hypoth-
esis is that preexisting Cotton Preceramic coastal
populations of the north and central coast of Peru
received substantial gene flow from adjacent food-
producing populations living to the north and east.

In the south-central Andes, the demic expansion
would have been slowed by narrow valleys and the
lesser precipitation that resulted in lower population
size and fertility. Additional samples are needed to
determine the precise time of arrival of sinodonty in
the south-central Andes. The epigenetic dental traits
provide us with compelling insights into population
dynamics during and immediately following the Middle
Horizon. Populations of the Titicaca Basin had rela-
tively little impact in some coastal valleys, such as the

Azapa and Camarones valleys of northern Chile, but
likely contributed colonists to the middle Moquegua
Valley, and possibly had a limited presence at San Pedro
de Atacama.

Following the collapse of the Tiwanaku’s pres-
ence in the middle Moquegua Valley, their former
colonists apparently dispersed and colonized the coastal
Moquegua Valley, quickly establishing a new ethnic
identity with the emergence of the Chiribaya and Ilo-
"Tumilaca/Cabuza cultural traditions. It is not until the
terminal Late Intermediate period that populations
associated with higher tooth cusp and root frequencies
are detected among northern Chilean Gentilar coastal
populations. However, the exact nature of relations
among the Gentilar and Late Intermediate period alti-
plano sefiorios is unclear.

The biocultural histories proposed here for both
the Cotton Preceramic of coastal Perd, and Middle
Horizon in the south-central Andes are not intended to
be the final word. Rather, these scenarios are intended
to provoke thoughtful scholarship and critical evalua-
tion of the ideas presented by this chapter. Our current
knowledge is limited by the relatively few mortuary
samples that have been examined in this vast region.
With additional mortuary samples with tight chrono-
logical control, rigorous analyses, and critical evaluation
of the available biological and archaeological data,
future investigations will certainly lead to revisions of
the ideas presented by this chapter.
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CHAPTER 3

EARLY FISHING AND INLAND MONUMENTS

CHALLENCGCING THE MARITIME FOUNDATIONS
OF ANDEAN CIVILIZATION?

DANIEL H. SANDWEISS

HEN MICHAEL E. MOSELEY published The
WMﬂritime Foundations of Andean Civiliza-
tion in 1975, many archaeologists found
anathema the idea that complex society could arise on
the economic basis of intensive fishing rather than (or
along with) intensive agriculture. Reaction was rapid
and intense (Osborn 1977; Raymond 1981; Wilson
1981). However, new research on early coastal com-
plexes inspired by the book and the hypothesis (e.g.,
Quilter et al. 1991) supported the maritime hypothesis
while calling attention to the often ignored agricultural
component of the original formulation (Moseley 1978,
1992; Moseley and Feldman 1988; Quilter 1991). For
a decade, as coastal Andean research turned to other
issues, the MFAC debate lay dormant. Since the late
1990s, however, new work has brought two new chal-
lenges to the hypothesis.
In 1975, the standard sequence for the development
of Andean coastal subsistence systems (Lanning 1963,
1967) had intensive fishing appearing only at the start
of the Late Preceramic period, just before the onset of
monument building and other indicators of Andean
civilization. Moseley (1975) relied on this chronology
in his formulation of the maritime hypothesis, with
the consequent implication that discovery of the ocean
about 5000 “*C yr BP (5800 cal yr BP)! led rapidly to the
other changes in the economy and social organization
of the Late Preceramic period.

39

Over the intervening years, the antiquity of Andean
maritime adaptations was pushed back to the Middle
Preceramic period (e.g., Richardson 1973; Llagostera
1979; Stothert 1985, 1988, 1992; Benfer 1990; Sandweiss
1996a) and then to the Early Preceramic period, tenta-
tively at first (Richardson 1978; Sandweiss et al. 1989)
and then definitively (Keefer et al. 1998; Sandweiss et
al. 1998; Sandweiss, Cano et al. 1999a; deFrance et al.
2001). If Moseley was right that seafood played a critical
role in the rise of Andean civilization, and if ancient
Peruvian coast-dwellers had sophisticated maritime
subsistence systems in place as early as 13,000 cal yr BP,
why didn’t they develop complex societies sooner? In
other words, does the seven-millennium delay between
the onset of fishing lifeways and of complex coastal
societies invalidate the maritime hypothesis?

A second challenge to the maritime hypothesis
comes from the recent discovery of large stepped plat-
forms and complex residential arrangements dating to
the later Late Preceramic period inland at Caral in the
Supe Valley and subsequently in neighboring valleys
(Shady Solis et al. 2001; Shady Solis 2005; Haas et al.
2004) (see Figure 3.1 for the location of Caral and other
sites mentioned in the text). These massive monuments
were built far from the shore, in the middle valley,
where irrigation agriculture was the only local means of
intensifying production. Does this early inland flores-
cence mean that fishing was an irrelevant sideline in the
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EARLY FISHING AND INLAND MONUMENT

creation of coastal Andean civilization? In other words,
as some scholars asked in the media after the initial
publication of the new work at Caral, “Is the maritime
hypothesis dead?” (e.g., Fountain 2001; Pringle 2001).

In this chapter, I review the history of research on
early maritime adaptations and on Late Preceramic
coastal subsistence and monumentality. Although for
at least two decades, most researchers in the central
Andes have preferred to move beyond subsistence (e.g.,
Quilter 1992), economy remains basic if insufficient by
itself to understand ancient society. Subsistence data
are at the core of the maritime foundations hypothesis
and are the focus of this chapter; social process must
be treated elsewhere (e.g., Roscoe 2008). Given the
available information, I argue that Moseley’s maritime
foundations hypothesis remains viable in the face of
both of the recent challenges.

EARLY MARITIME ADAPTATIONS IN

THE ANDES

Brief History of Discovery

Although Charles Barrington Brown (1926) was the
first to recognize and report preceramic sites on the
coast of South America, it was not until the 1930s and
1940s that such sites received widespread attention,
as the result of Junius Bird’s excavations in northern
Chile (Bird 1943) and at the Late Preceramic site of
Huaca Prieta in northern Peru (Bird et al. 1985). Bird
found evidence for intensive fishing in both areas, but
most attention focused on his characterization of the
inhabitants of Huaca Prieta as America’s first farmers
(Bird 1948).

During the 1950s, Frédéric André Engel began
research on preceramic coastal archaeology in Peru. He,
too, found evidence of marine resource utilization but
chose to focus on other issues, in particular the use of
the lomas (fog meadow) resource zone. Engel was the
first to acquire radiocarbon dates from multiple coastal
sites (e.g., Engel 1957, 1980), though the significance
of some of these dates went unrecognized for decades
(e.g., Quebrada Jaguay 280, Buenavista).

In the 1960s, Edward Lanning was the first to give
serious consideration to preceramic Andean maritime
adaptations during his work on the central coast of
Peru. At and around Ancén, Lanning studied a series
of preceramic sites and produced the first detailed
sequence for the coastal Preceramic epoch (Lanning
1963, 1967). Maritime adaptations played a role in

his reconstruction of events: he found no significant
use of marine resources until after 5800 cal yr BP and
an increasing importance of seafood thereafter. In his
landmark text Peru before the Incas, Lanning (1967) used
this sequence as a model for all of Peru. Unfortunately,
as Richardson (1981) pointed out years later, Lanning
failed to take into account the possible effects of post-
glacial eustatic rise in sea level on the preservation
of archaeological sites. This phenomenon had been
recognized long before the 1960s, and by that time the
approximate chronology and magnitude of sea level
change were understood (for the current standard sea
level curve, see Fairbanks 1989). Because the conti-
nental shelf is relatively wide and shallow at Ancén, the
shoreline there lay many kilometers to the west when
people first arrived in the region, about 13,000 cal yr
BP, and early maritime sites were probably located
on this now submerged coast. The ocean reached its
modern position only about 5800 cal yr BP—the same
time that Lanning first found evidence for marine
resource use.

Sites stand out on the desert coast of Peru and
northern Chile. If Lanning had not found early mari-
time sites, then it was easy to think that none existed.
Other archaeologists naturally followed Lanning’s lead.
Working in the same region in the late 1960s, Moseley
(1968, 1975) excavated a number of Late Preceramic
sites near Ancén. Confirming Lanning’s observation
that animal remains were predominantly marine, he
placed these data in the broader context of the central
coast Late Preceramic archaeological record. Noting
that the first large coastal temples dated to this time and
region, Moseley proposed the controversial maritime
foundations of Andean civilization hypothesis, namely,
that seafood and not just agriculture underwrote the
first formation of Andean civilization. Implicit in this
theory was the idea that temple building and other
indicators of a more complex social organization
dated to a time immediately after people began using
marine resources, and that marine resources there-
fore had something to do with this transformation.
However, even this initial formulation of the maritime
foundations hypothesis acknowledged contemporary
agriculture but noted that the most important crops
were “industrial” plants, cotton and gourd. Later recon-
siderations of the hypothesis placed greater emphasis
on the complementary roles of fishing and farming
(Moseley and Feldman 1988; Moseley 1992).

While Moseley was digging on the central coast,
James B. Richardson III (1969, 1973, 1978) was working
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on the far northern coast of Peru, near the oil port of
Talara, where the continental shelf is extraordinarily
narrow. In the late 1960s and early 1970s, Richardson
found Middle and even Early Preceramic period sites
that contained abundant evidence of marine resource
use, especially shells of edible mollusks. One of these
shells, from the Amotape campsites, yielded a radio-
carbon date of about 12,200 cal yr BP (Richardson
1978). During the Late Preceramic period, the Talara
region was a relative backwater compared to the central
coast of Peru, and in the 1970s there was no reason to
believe this was not the case earlier. Why, then, would
the earliest Talarefios take advantage of seafood while
the innovative inhabitants of the central coast ignored
this easy and abundant source of nutrition? Something
was wrong with this picture.

In 1981, Richardson published his answer to this
question: Early and Middle Preceramic peoples on the
central coast probably were using marine resources, but
the sites containing evidence for this practice lay on dis-
tant shorelines now drowned by a rising sea. The issue
is preservation of entire landscapes and settlement pat-
terns: where the continental shelf is narrow, as at Talara,
the 60 m of sea level rise between 13,000 and 6000 cal
yr BP (Early and Middle Preceramic periods) caused
relatively little horizontal displacement of the shoreline,
while in areas of wider shelf, the shoreline would have
moved significant distances over this same period.

The ocean off western South America is so rich in
biota that people probably made use of it up and down
the coast from the moment they first arrived. As a test
implication of this hypothesis, Richardson suggested
that early maritime sites should be located and still
preserved in those parts of the coast, like Talara, where
the shelf is narrow and the shoreline moved only a short
horizontal distance as sea level rose. Appropriate areas
of narrow shelf included the far northern Peruvian
coast near Talara and the Peruvian south coast from
the Paracas Peninsula south through northern Chile.
Agustin Llagostera (1979) had excavated a northern
Chilean shell midden site at Quebrada de las Conchas
(now called La Chimba 13) in the 1970s and got two
dates almost 11,000 years old. This site now fit into the
emerging picture. Even earlier dates (beginning about
13,250 cal yr BP) came from another Chilean site,
Quereo, excavated by Chilean archaeologist Lautaro
Nuiez (Nuilez et al. 1983), though the site is located
near the modern shoreline and had scant evidence of
marine resource use, with the site’s inhabitants seem-
ingly focused mostly on land animals.

In 1983, to test the sea level/settlement hypothesis,
Richardson and I began excavations at the large shell
midden known as the Ring Site (Figure 3.2), in southern
Peru not far north of the Chilean border (Sandweiss et al.
1989). We found that the site’s inhabitants had exploited
a wide range of marine animals: fish, shellfish, sea
urchins, sea mammals, and seabirds. In contrast, bones
of terrestrial animals were few and represented mainly
small rodents. The Ring Site people probably used plant
foods, but no evidence survived. We acquired a basal date
of 11,250 cal yr BP on shell (corrected for AR), but all the
other dated materials, both shell and charcoal, had ages
between about 10,000 and 5800 cal yr BP.

Also in the 1980s, Karen Stothert (1985, 1988, 1992)
began publishing the results of her excavations at the
Las Vegas site in southern Ecuador, several hundred
kilometers north of Talara. Stothert found that Las
Vegas had a mixed economy that included marine and
terrestrial resources. Dates ranged from 11,400 to 7450
cal yr BP; a pre-Vegas occupation dated between about
12,950 and 11,400 cal yr BP, but subsistence remains
were too scarce to shed light on diet. At the same time,
Claude Chauchat’s work at sites of the Paijin culture of
northern Peru showed people with an inland adaptation
who were in contact with the shoreline as far back as
12,250 cal yr BP (Chauchat 1988; Chauchat et al. 1992).
The section of the Peruvian coast where the Paijin sites
are concentrated has the widest continental shelf of any
part of Peru or Chile (Richardson 1981). Consequently,
more land was lost here to postglacial sea level rise
than anywhere else along the central Andean coast.
The Paijin sites are on the inland side of the modern
coastal plain, and the shoreline 12,000 years ago lay
many kilometers farther west. In light of the presence
of marine shells and fish bone in these inland sites, the
Paijin people must have had stations near the ocean
where they stayed while fishing and gathering shellfish,
or else they were in contact with permanent coastal
populations (Wing 1992; see also Dillehay et al. 2003).
Unfortunately, these sites are long submerged.

By the end of the 1980s, numerous Middle Pre-
ceramic maritime sites dating between about 10,000 and
5800 years ago had been excavated along the Ecuadorian,
Peruvian, and Chilean coasts (e.g., Richardson 1973;
Llagostera 1979; Stothert 1985, 1988, 1992; Benfer 1990
Sandweiss 19962, b). By that time, it was clear that South
American maritime adaptations were far earlier than
Lanning, Moseley, and others had believed in the 1960s
and 1970s. Still, all of the well-dated maritime occupa-
tions postdated the first settlement of South America.
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Figure 3.2. Michael Moseley at the Ring Site excavation, 1987.

They had nothing to say about migration routes and
could be classified as a peripheral development by those
who saw the transition from terrestrial hunting and gath-
ering to farming as the crucial transformation of Andean
civilization. The early dates from Amotape and the Ring
Site could be dismissed—shell is a difficult material to
date, and neither date was supported by similar results
from the same site (e.g., Lynch 1991). Even in the mid-
1990s it was impossible to demonstrate definitive Early
Preceramic, Terminal Pleistocene (pre-11,400 cal yr BP)
maritime adaptations in South America.

Early Preceramic Maritime Adaptations:
Quebradas Tacabuay and Faguay

In the late 1990s, the simultaneous publication in
Science of two well-dated, Early Preceramic, Terminal
Pleistocene maritime-adapted sites finally demon-
strated that the exploitation of the ocean is as old as any
other subsistence system yet discovered in the central
Andes. At Quebrada Tacahuay, David Keefer, Susan

deFrance, and their colleagues found a marvelously
well-preserved logistical camp for processing seabirds
(Keefer et al. 1998), while at Quebrada Jaguay 280, my
colleagues and I excavated the base camp of early fishing
people (Sandweiss et al. 1998). Detailed information
on both sites is available elsewhere (e.g., Keefer et al.
1998; Sandweiss et al. 1998; Sandweiss, Keefer, and
Richardson 1999; deFrance et al. 2001; deFrance and
Umire 2004; deFrance 2005; Sandweiss 2005); here, I
review the relevant highlights.

South of Ilo and the Ring Site, deFrance, Keefer, and
colleagues found and excavated Terminal Pleistocene
archaeological deposits exposed in profiles along the
Quebrada Tacahuay and preserved by rapid sedimenta-
tion during El Nifo-derived flooding. Charcoal dates
range from around 12,000 to 12,900 cal yr BP (deFrance
et al. 2001; deFrance and Umire A. 2004). The excava-
dons produced a substantial vertebrate faunal assemblage
emphasizing seabirds, with some fishes and mollusks.
The marine species are typical of the Peru Current today.
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No information is yet available on plant use. A sub-
stantial flood deposit overlies the Terminal Pleistocene
archaeological deposits, suggesting ENSO-like (El Nifio/
Southern Oscillation) conditions shortly before 12,000
cal yr BP. Shortly after that event, a reoccupation dated
to the Pleistocene/Holocene transition includes birds,
marine and terrestrial animals, reptiles, fishes, and mol-
lusks (deFrance and Umire A. 2004). In the Terminal
Pleistocene/Paleoindian-age deposits, lithics are local,
terrestrial fauna is absent, and, although hearths are
present, there is no evidence for structures (deFrance
et al. 2001; deFrance and Umire A. 2004) such as those
found at Quebrada Jaguay (see below). The excavators
characterize the site as a “specialized coastal extraction
station” (a logistical field camp, sensu Binford 1980) for
processing seabirds.

Frédéric Engel (1981) discovered Quebrada Jaguay
280 (QJ-280) in 1970, though he did not then recognize
the site’s significance. QJ-280 lies on the banks of an
ephemeral stream to the west-northwest of Camani,
Peru. In 1992, I first visited the site in the company of

Bernardino Ojeda, who had worked there with Engel
and who had pointed out to me the single Terminal
Pleistocene radiocarbon date of ca. 11,800 cal yr BP
that Engel had recovered from one of his three test
pits. Because these pits were still open, we could see
clearly that the site contained abundant marine shells
and no obvious remains of terrestrial organisms. This
information led me to investigate QJ-280 in detail.
We now know that it is an early fishing site occupied
between about 13,000 and 8300 cal yr BP, based on a
suite of forty-one charcoal dates (Sandweiss et al. 1998,
unpublished data). The site has two major components,
Terminal Pleistocene (13,000-11,400 cal yr BP) and
Early Holocene (10,600-8000 cal yr BP), with the latter
subdivided into EHI and EHII.

I carried out the initial excavations at QJ-280 in
1996. Work concentrated on two sectors (Sandweiss et
al. 1998; Sandweiss, Cano et al. 1999). In Sector I, we
found basal deposits dating to the Terminal Pleistocene
cut by an Early Holocene, semisubterranean circular
house with a central hearth (Figure 3.3). In Sector II, we

Figure 3.3. Quebrada Jaguay 280, Early Holocene house in Sector I. The house pit cuts Terminal Pleistocene deposits and was filled with shell midden
after abandonment.
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found thatall deposits dated to the Terminal Pleistocene
or the very start of the Early Holocene. During this first
season we opened only 4.5 m? in Sector II, and although
we discovered a small cluster of apparent postholes, it
was impossible to know if they belonged to a structure.
"To determine whether or not these holes were part of
Early Preceramic buildings, we returned to QJ-280
in 1999 and opened up more of Sector II. Postholes
were abundant, and the presence of a post base in one
of them confirmed our functional interpretation. The
excavation area included the better part of one structure
from the basal occupation. This building appears to
have been rectangular, with interior hearths, but it was
not cut into the ground as the Early Holocene semi-
subterranean house in Sector I was (Figure 3.4). After
multiple rebuildings, indicated by multiple postholes
along the same axes, the floor deposits were indurated
by a halite cement derived from seawater (C. Fred T.
Andrus, pers. comm.). Off-site samples show that away
from the site, induration was the result of clay forma-
tion from long-term decay processes, so it seems likely

INLAND MONUMENT

that the seawater used on the floor came from human
activity rather than a natural event such as a tsunami.
Molds in the indurated floor suggest that the building
had a post frame with hanging panels, like traditional
post-and-reed houses in the region today.

In the 1996 excavations in Sectors I and II and in
test pits in Sectors III and IV, we found that virtually
all animal remains came from the ocean. Most were
fish remains (mainly of drum fish [Sciaenids]) and shells
(more than 99% wedge clams [Mesodesma donaciuml).
Crustacean remains of indeterminate species or origin
(fresh vs. salt water) were particularly abundant in the
Early Holocene deposits, but terrestrial animal remains
were rare and, as at the Ring Site, consisted of small
rodents (McInnis 1999). Results from the 1999 excava-
tions are consistent with the earlier finds (Elizabeth J.
Reitz, pers. comm.).

Macrobotanical remains were not well preserved at
QJ-280. We did recover a few domesticated gourd rind
fragments (Erickson et al. 2005) and some cordage from
Early Holocene contexts, and Equisetum spp. (horsetail)

Figure 3.4. Quebrada Jaguay 280, Terminal Pleistocene house in Sector II. The postholes from the initial occupation of the house are marked with
dark balloons.
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fragments and Opuntia spp. (prickly pear) seeds from the
"Terminal Pleistocene component (Asuncién Cano, pers.
comm.). Nor were microbotanical remains particularly
informative: analysis of phytoliths from this sector
showed generally impoverished and degraded samples,
though a basal context produced a number of reed
(Phragmites sp.) phytoliths that might be derived from
building material (Dolores Piperno, pers. comm.).

QJ-280 lithics come predominantly from local
sources, mainly exposed delta deposits several hundred
meters above the site (Tanner 2001). During the Early
Holocene, Quebrada Jaguay residents made greater use
of sandstone available in the adjacent quebrada bed than
they had in the Terminal Pleistocene. Throughout the
occupation, petrified wood was also used as raw mate-
rial; the nearest outcrop we have located is about 30 km
up the quebrada. Obsidian is present in very small quan-
tities but is restricted almost entirely to the Terminal
Pleistocene component. All of the obsidian tested
comes from the Alca source, some 155 km inland from
Quebrada Jaguay (Sandweiss et al. 1998). Most of the
lithic remains, regardless of raw material, are late-stage
debitage. Finished artifacts, or fragments of artifacts,
are extremely rare in the collection. The QJ-280 lithic
assemblage is consistent with a domestic function for
the site, as suggested by the presence of structures.

In general, the characteristics of QJ-280 during the
Terminal Pleistocene suggest a seasonal residential base
camp occupied most likely during the austral summer
when the ephemeral Quebrada flows. QJ-280 is the only
site known in the immediate region for the Terminal
Pleistocene, despite full-coverage survey of the area
between Quebrada La Chira and the Caman4 River,
from the shoreline inland to about 750 masl (QJ-280
is approximately in the center of this survey zone).
During the winter, the Terminal Pleistocene popula-
tion of QJ-280 may have traveled to the highlands, as
suggested by the presence of obsidian and prickly pear
seeds. However, it is also possible that the inhabitants
acquired the obsidian and prickly pear during short
forays inland or via trade and that they spent the winter
in the nearby Camand Valley, which is well watered by
a large permanent stream.

Summarizing early economic adaptations on the
south coast of Peru, we find evidence for both base
camps and logistical field camps (although with sample
sizes of one). The QJ-280 base camp was occupied
repeatedly if not permanently, and the inhabitants
invested in a standing structure to house their domestic
activities. At both sites, people focused on particular

marine taxa, indicating subsistence specialization.
Quebrada Jaguay maintained contact with distant high-
land locales, though the nature of this contact requires
continued investigation.

During the Early Holocene, I see a settling in of
the coastal population in the Quebrada Jaguay region.
Our survey found many sites of this time with faunal
assemblages similar to QJ-280. Obsidian and prickly
pear virtually drop out, suggesting that links to the
highlands had been cut or diminished—either the
coast-dwellers stopped trading with the highlands or
they ceased moving inland to procure these higher-
altitude resources. At the same time, increased use
of lower-quality but immediately available sandstone
supports a reduced radius of action. In general, the
Early Holocene remains suggest that the site remained
a seasonal residential base camp, as it had been during
the Terminal Pleistocene. However, it seems likely that
the inhabitants now spent part of the winter among the
cobble quarries in the adjacent lomas zones (Figure 3.5),
which flourish during that season, rather than in the
highlands. They may also have used the nearest per-
manent river valleys (Camand and Ocofia), but possible
evidence has been buried or destroyed by millennia of
alluviation and farming. During the Middle Holocene,
the Quebrada Jaguay region seems to have been aban-
doned, as were many parts of the south-central Andes
that lacked permanent water sources (see Sandweiss
2003 and references therein).

LATE PRECERAMIC MONUMENTS
AND SUBSISTENCE

Brief History of the Maritime Foundations
Debate

When Michael Moseley first published The Maritime
Foundations of Andean Civilization in 1975, none of the
Late Preceramic monumental centers had been exca-
vated in detail; indeed, the Preceramic age of many was
unknown or in doubt. Moseley did have the results of
his excavations and those of Lanning and Patterson in
middens at smaller sites in the Ancén-Chillén region just
north of Lima, the work of Engel (e.g., 1957) at a variety
of sites along the coast, most reported only as survey
data (with the exception of Asia Unit 1 [Engel 1963] and
to a lesser extent El Paraiso [Engel 1966], which were
studied and reported in greater detail), Bird’s work at
Huaca Negra in the Virtd Valley and Huaca Prieta in the
Chicama Valley (see Bird et al. 1985), and a handful of
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Figure 3.5. Ben Tanner and Marty Yates analyzing lithic raw materials in the cobble quarry above Quebrada Jaguay.

other reports. From these scattered data, Moseley (1975)
was able to discern a clear pattern in the subsistence
data, namely, that animal remains were overwhelm-
ingly marine in origin. Following Engel and Lanning,
he also noted the presence of domesticated plants in
the assemblages, with the industrial plants—cotton and
gourd—predominating. As Moseley pointed out, these
two plants played an important role in fishing economies
as raw material for floats and nets.

Although the original formulation of the maritime
foundations hypothesis (Moseley 1975) focused on mol-
lusks as the major source of animal food, Moseley (1978)
quickly realized that small, schooling fishes (anchovies
and sardines) had been far more important in the Late
Preceramic coastal diet; the use of 1/2-inch screens in the
midden excavations, a common practice at the time, had
undoubtedly biased the sample in favor of mollusks.

Robert Feldman’s (1980, 1983, 1985) work at Aspero
in the 1970s established that site as the earliest of the
“C-dated Late Preceramic monumental centers, and

he demonstrated, as Moseley (1975) had observed,
that the animal portion of the diet was based on marine
organisms. He also found a suite of domesticated plants
typical of the period. Feldman’s excavations included
only the latest construction phases of the multiphase
mounds he investigated.

Early reactions to the maritime foundations hypoth-
esis (Osborn 1977; Raymond 1981; Wilson 1981) were
based not on new data but rather on theoretical assump-
tions about food preference and the relative productivity
of different subsistence systems. Scott Raymond (1981)
did make a telling point about the poor preservation
potential of tubers and their possible importance in the
diet. Tubers are high in carbohydrates, and a diet based
on marine organisms would have required a source of
carbohydrates for nutritional balance.

By the early 1980s, it was clear that the maritime
foundations debate could not be resolved in the absence
of integrated, carefully recovered subsistence data from
the monumental centers. In the years following the
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publication of the hypothesis, other projects at Late
Preceramic sites such as La Galgada, 74 km inland and
1100 masl (Grieder et al. 1988), and Los Gavilanes, a
smaller coastal site (Bonavia 1982), continued to find a
subsistence system in accord with Moseley’s hypothesis.
In 1983, in an attempt to lay to rest the diet debate
and move on to other concerns about Late Preceramic
society (see, e.g., the articles in Sandweiss [ed.] 1992),
Jeffrey Quilter excavated at El Paraiso (Figure 3.6)
and organized a multidisciplinary team to analyze the
subsistence remains (Quilter et al. 1991). Quilter’s team
found that the great majority of animal remains were
marine, that cotton and gourds dominated the remains
of domesticated plants, and that wild plant foods, espe-
cially fruits, were also important. Like all the other data
sets, but with the advantage of a research design and
team organized specifically around the question of Late
Preceramic subsistence, the El Paraiso results largely
supported the postulates of the maritime foundations
hypothesis, with the caveat that the dates fell very late
in the Late Preceramic period.

Late Precevamic Inland Monumentality in the

Supe and Surrounding Valleys

In a retrospective article published in 1992, Moseley
placed the maritime foundations hypothesis in his-
torical context and restated it with greater emphasis
on the importance of the synergy between fishing and
farming in the coastal Late Preceramic period (see also
Moseley 1978; Moseley and Feldman 1988). The issue
then lay dormant until April 2001, when Ruth Shady
Solis and colleagues published a seminal paper on the
radiocarbon age of Caral (also known as Chupacigarro
Grande), a Late Preceramic monumental site 23 km
from the shore in the Supe Valley (Figure 3.7). Though
Shady had begun field work six years earlier, and
although the lack of pottery and the typology of other
artifacts had convinced her from the start that the site
was Late Preceramic in age, it was the long set of radio-
carbon dates (ca. 3900-4600 cal yr BP) that persuaded
the broader community that Caral was, indeed, prece-
ramic. This chronological confirmation was necessary
both because of the site’s large size (it is the largest Late

Figure 3.6. Unit 1 at El Paraiso in the Chillén Valley.
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Figure 3.7. Several of the large Late Preceramic mounds at Caral in the Supe Valley.

Preceramic site known in the Andes, with six major
mounds and a host of other structures and deposits)
and because of its inland location. Until that time, the
only known inland but precordilleran Late Preceramic
monumental site was La Galgada, which is both smaller
and closer to the high Andes than Caral.

In the better-known valleys around Lima, the earliest
monumental sites of similar size or location to Caral
date to the subsequent Initial period; in 1975, Moseley
interpreted these sites as evidence for the onset of
irrigation agriculture in conjunction with the adoption
of pottery making. As Grieder et al. (1988) had for La
Galgada, Shady Solis (Shady Solis et al. 2001; Shady
Solis 2005) postulated that Caral’s location constituted
strong circumstantial evidence for Late Preceramic
irrigation agriculture.” Though that postulation is quite
likely correct, Moseley and I noted in a response to
the 2001 Science paper (Sandweiss and Moseley 2001)
that cotton and gourd remained the dominant species
in the inventory of domesticated plant remains and

that marine species contributed virtually all the animal
portion of the diet. We also pointed out that the list of
domesticated plants from Caral is comparable to that
from other contemporary coastal Late Preceramic sites,
including Huaca Prieta, Los Gavilanes, La Galgada, and
Aspero. There is no evidence that agriculture played a
qualitatively different role at Caral than at other Late
Preceramic coastal sites—Caral did not have a high-
protein staple plant in sufficient quantities to supplant
fish in the diet.

Shady and her team found that although Caral was
the largest Late Preceramic site in the Supe Valley, it
was by no means the only monumental site of that age
(Shady Solis et al. 2001; Shady Solis and Leyva [eds.]
2003; Shady Solis 2005). Recent work by Jonathan Haas
and colleagues (2004) in the valleys just north of Supe
identified and dated eleven other centers to the Late
Preceramic period, all of which apparently relied on
the ocean for the animal portion of their diet. Indeed,
on the basis of their research and that of others, Haas
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and colleagues (2004:1022) succinctly restate Moseley’s
maritime foundations hypothesis: “the path of cultural
evolution in the Andean region diverged [in the Late
Preceramic period] from a relatively simple hunting and
gathering society to a much more complex pattern of
social and political organization with a mixed economy
based on agriculture and marine exploitation.”

CONCLUSIONS

Is the maritime foundations hypothesis dead, as some
have stated? I argue that it is not. Why, then, did coastal
civilization not arise much earlier, given that sophis-
ticated maritime adaptations date to many millennia
prior to the Late Preceramic period? The answer may
be quite simple. First, it is necessary to recognize that
the economy of the Late Preceramic period combined
fishing and farming, with marine organisms providing
protein and domesticated plants providing carbohydrates
and raw materials (Moseley 1978, 1992; Moseley and
Feldman 1988; see also Haas et al. 2004). Second, the
maritime foundations hypothesis must be understood for
what itis: a statement of the economic underpinnings of
early complex society in coastal Peru, not an argument
for specific social processes. The economic organiza-
tion of fishing and farming, the exchange of products
produced by each activity (and interzonal exchange on
a broader scale; see, e.g., Shady Solis and Leyva [eds.]
2003; Shady Solis 2005), and the challenges posed by
climatic events all undoubtedly offered opportunities
for nascent political entrepreneurs (see, e.g., Sandweiss
1996b; Sandweiss, Maasch, and Anderson 1999; Roscoe
2008), but those issues cannot be fully addressed until we
have resolved Late Preceramic coastal lifeways.

Plant domestication has been documented in coastal
Ecuador at least since the start of the Holocene for
cucurbits (Piperno and Stothert 2003), with maize
appearing there several millennia before the Late
Preceramic period (Piperno and Pearsall 1998; Stothert
1988; Pearsall et al. 2004). However, there is no record
of cotton prior to that time. Cotton is necessary to
intensify fishing production, given the likely limita-
tions on the amount of suitable wild fibers available on
the desert coast of Peru. Fishing intensification also
requires suitable fish species as prey. We know from the
archaeological record that during the Late Preceramic
period, the fishes of choice were small schooling fishes
(sardines and anchovies) caught with cotton nets. As
Andrus et al. (2002) recently noted, the return of an El

Nifio-dominated climatic regime to the coast of Peru
at about 5800 cal yr BP signified increased productivity
for the coast north of Lima, with a shift to lower tro-
phic level species such as sardines and anchovies. Thus,
although both plant domestication and sophisticated
fishing systems were in place on the coast for millennia
prior to the Late Preceramic period, it is only then
that the most important elements of these systems
came together: cotton and small schooling fishes. The
site of Aspero on the shore of the Supe Valley contains
these elements and, based on current data, predates the
site of Caral inland in the same valley (Sandweiss and
Moseley 2001). The economic data from the latter site
do not show any significant variation from other coastal
Late Preceramic sites, so Caral’s precocious growth
and inland location cannot be explained as the result of
subsistence innovation. I suggest that the establishment
upvalley of Caral and other inland Late Preceramic
centers is best explained as an attempt to increase the
production of cotton and gourds, to support intensifi-
cation of the net-fishing begun at Aspero and similar
coastal sites. Once established, the subsequent history
of Caral-class sites was built on maritime foundations
but directed by social processes much harder to discern.

NOTES

1. Unless otherwise noted, all dates in this chapter are
calendar years BP, calculated using Calib 5.0.1 (Stuiver and
Reimer 1993 and updates). Calibrated ages younger than
11,000 cal yr BP were run using the Southern Hemisphere
calibration data set (McCormac et al. 2004); older dates were
run using the Northern Hemisphere data set (Reimer et al.
2004). For marine samples I used Hughen et al. (2004), with P.
J. Reimer’s Peru-Chile regional average marine reservoir cor-
rection of AR =286 = 104 (http://calib.qub.ac.uk/marine).

2. Dillehay et al. (2005) have recently demonstrated the
construction of small canals to the north of Caral and dated

somewhat earlier than that site.
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CHAPTER 4

QUEBRADA TACAHUAY AND EARLY
MARITIME FOUNDATIONS ON
PERU'S FAR SOUTHERN COAST

SUSAN D. DEFRANCE

UEBRADA TACAHUAY REPRESENTS ONE of the
Qo/ldest expressions of maritime adaptations in
the Americas, with initial deposits dating to
the Late Pleistocene and minor reoccupation of the
site during the Early and Middle Holocene (deFrance
2002; deFrance and Umire 2004; deFrance et al. 1998,
1999, 2001; Keefer et al. 1998, 2003). Representing
an ancient specialized activity site dating to more
than 10,500 (rcyr BP) and focused on the exploitation
of marine avifauna, the oldest contexts of human use
at Quebrada Tacahuay are also intriguing because
of the nature of their preservation, discovery, and
archaeological investigations. Although many areas
of the Andean littoral may have been occupied
during the Late Pleistocene, only those relatively
few sites located on land surfaces where the coastal
shelf is very narrow survived rising sea level at the
end of the Ice Age (Richardson 1998). In addition,
preservation of the oldest anthropogenic deposits at
Quebrada Tacahuay is the result of burial by a mas-
sive debris flow that was triggered by an El Nifio
Southern Oscillation (ENSO) paleoclimatic event
(deFrance and Keefer 2005; Keefer et al. 1998, 2003).
Subsequent flood events, as well as natural accumula-
tions of aeolian sands, further sealed the deposits.
Although minor human reoccupation of the area
occurred, the deposits were unknown until exposed
in the mid-1990s during construction of a coastal
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highway connecting the southern Peruvian cities of
Tlo and Ite. Survey of the region identified the deeply
buried occupation within a series of road cut and water
main profiles. Researchers conducted archaeological
and geological investigations of the site in 1996, 1997,
1998, and 2001, with the last field season being the most
extensive (deFrance 2002; deFrance et al. 1998, 1999,
2001; Keefer et al. 1998).

The 1997 and 1998 field seasons recovered unequiv-
ocal evidence of subsistence specialization in the use of
marine resources, particularly marine birds and lesser
quantities of shellfish and fish, as well as the production
and use of tools made with stone from local coastal
sources (deFrance et al. 2001; Keefer et al. 1998).
However, the nature of these investigations was very
limited because the archaeological deposits were buried
under 2-3 m of sediment. The 1997 and 1998 field
seasons consisted primarily of collecting volumetric
samples of exposed cultural material and geological
sediments, and very limited spatial excavation in the
traditional archaeological sense. The objective of the
2001 field season was to move beyond the realm of
subsistence and to recover data that would increase our
understanding of the range of social phenomena associ-
ated with these early coastal inhabitants.

While documenting the existence of early mari-
time adaptations is a useful endeavor, much remains
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unknown about the cultural dynamics of these early
populations. For example, did activities other than food
processing and preparation occur at the site? Did the
site hold evidence of structures or other cultural refuse
that would elucidate the nature of coastal settlement
and littoral adaptation? To address these questions,
the 2001 field season activities focused on excavating
large blocks to expose areas that might contain features
(e.g., post molds from structures, human burials, non-
food-processing contexts) and possibly new types of
cultural material (e.g., nonlithic material or stone tools
made of material from distant sources, additional bone
tools other than the single worked mammal rib found
in 1998) that would help characterize the range of site
activities and behaviors.

Whereas previous investigations had primarily
studied the stratigraphic units in profile view only,
the 2001 methodology resulted in excellent hori-
zontal exposure of the contacts between cultural and
geological units. These large-scale excavations were
successful in exposing two discrete cultural deposits
(Unit 4¢3 and Unit 5B) postdating the earliest occupa-
tion that were visible only in very limited fashion in
the road cuts and water line profiles. The excavation
of the Late Pleistocene occupation was also successful
in exposing horizontal areas of occupation with dense
subsistence and lithic refuse, as well as five discrete
hearth features, some of which were buried and overlain
with cultural material, indicating reuse of the site rather
than a single-use episode. Large spatial excavations
also exposed discrete geological strata (e.g., water-laid
deposits and volcanic tephra) below the human occupa-
tion that were difficult to see in profile only. However,
no new feature types or activity areas were identified in
the oldest deposits, which supports the view that the site
was largely an extractive locale where a limited range
of activities took place, with the population residing
elsewhere (deFrance et al. 2001, in press). Although
no new types of features or activity areas were identi-
fied, the ability to excavate features in their entirety
rather than from profiles was productive, particularly
in regard to the recovery of archaeobotanical remains,
especially fuel woods, and in understanding the depo-
sitional history of the site, as well as the recovery of
additional subsistence remains. In this chapter I discuss
the methods and results of the 2001 field season, how
Quebrada Tacahuay broadens our understanding of
some of the earliest inhabitants of the central Andean
littoral, and research questions that can be addressed
with the excavation of other early sites.

SITE SETTING AND
ENVIRONMENTAL HISTORY

Quebrada Tacahuay (17.8° S latitude, 71.1° W longi-
tude) is located approximately 30 km south of Ilo, Peru,
on the distal end of a broad alluvial fan (Figure 4.1).
Today, the deeply incised quebrada channel that
drains the prominent fan is characterized by diverse
Quaternary deposits, including course-grained flood
and debris flow deposits with lenses of aeolian sands
and volcanic tephra (Keefer et al. 2003:43). At the time
the site was occupied it was approximately 0.7-0.9 km
farther from the shoreline, and the quebrada channel
was significantly shallower. Today the site is 0.3-0.4 km
inland on a terrace overlooking a semilunate sandy and
rocky shoreline that is bracketed by the rocky headlands
of Punta Icuy to the north and Punta Picata to the
south. With sea level 60-70 m lower when this site was
first occupied (Bard et al. 1996) the bay habitat would
have been significantly more protected, making it an
appealing location for human exploitation.

"Today the coastal climate is hyperarid, with rainfall
averaging less than 5 mm per year (McCreary and
Koretsky 1966, cited in Satterlee 1993). Sediments and
deposits indicate that similar hyperarid climatic condi-
tions have prevailed since the end of the Pleistocene
(i.e., as manifested by lack of vegetation, little soil
development, few organic inclusions, and desicca-
tion cracks in-filled with aeolian sands) (Keefer et al.
2003:69). The nearest rivers to Quebrada Tacahuay
are the Ilo, to the north, and the Locumba and the
Sama to the south. These rivers have their source on
the western slope of the high Andes, where their flow
originates in lakes and in precipitation that mostly
occurs from December to March. In their lower
courses, these rivers traverse the hyperarid coastal
desert. Flow diminishes throughout the year after
the end of the highland rainy season, and before the
completion of a recent irrigation project, the surface
channel of the lower Ilo River was dry for most of the
year below an altitude of approximately 1200 masl.
However, aquifers that also have their source in the
Andes provide water to a series of coastal springs that
emerge in the foothills of the coastal cordillera at the
interior margin of the coastal plain. In the prehistoric
past, the main channel of the Ilo would have been
seasonally dry, with water available only during the
austral spring, when highland rainfall and snowmelt
recharged the system. Although the water available
in coastal springs was also tied to highland rainfall
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Figure 4.1. Site location of Quebrada Tacahuay in southern Peru.

patterns, a study of modern discharge patterns indi-
cates that some springs generate water throughout
the year, while others are seasonally dry (Clement and
Moseley 1991).

At Quebrada Tacahuay, evidence for a coastal spring
includes the presence of the main channel, paleochan-
nels within the sedimentary sequence, and water-lain
silts within the geological stratum containing the Late
Pleistocene occupation materials (Keefer et al. 1998,
2003). These silts also suggest pluvial runoff, possibly
as a result of minor El Nifio activity. In the absence
of a major tributary and with an inadequate supply of
rainfall for human survival, the lack of fresh water might
have been a significant limiting factor in human settle-
ment if the spring did not generate water throughout
the year (deFrance in press). The presence of potable

water probably attracted inhabitants to this area even
though it was some distance from the coast at the time
of earliest occupation. Unfortunately, we have no data
on whether the Tacahuay spring was seasonal or not.
The only circumstance under which significant
amounts of precipitation fall on the Andean coastal
plain is associated with El Nifio events. The typi-
cally torrential rainfall produced by El Nifio events
on this arid landscape generates severe flooding and
the transport of huge amounts of sediment across the
landscape. On a global scale, the Pleistocene antig-
uity of El Nifio dates to more than 100,000 years ago
(Tudhope et al. 2001). A synthesis of El Nifio flood
event frequency based on geological survey, sediment
analyses, and historical and modern records for the Ilo
region, including the deposits at Quebrada Tacahuay,
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indicates that El Nifio events have been producing
floods and debris flows there with variable frequen-
cies during the Holocene and Late Pleistocene, with
the oldest dated deposit being about 38,000 years old
(Keefer et al. 2003); older, undated deposits of similar
character suggest that El Nifio has been affecting this
region far longer than that. Differing frequencies of
the dated sedimentary deposits suggest a period of high
El Nifio activity in the Early Holocene, followed by a
mid-Holocene weakening or hiatus in activity and the
subsequent resumption of moderate to high activity in
the Late Holocene, after about 4600 rcyr BP (Keefer et
al. 2003). These data underscore the differing intensity
of events associated with El Nifio, from small-scale
perturbations to catastrophic Mega-Nifios.

At Quebrada Tacahuay, two massive debris flow
deposits dating to the Late Pleistocene and Early
Holocene are greater in scale than the most severe recent
ENSO events (i.e., those of 1982-1983, 1992-1993,
and 1997-1998). One of these, Unit 7, was inferred to
have been produced by an El Nifio event that occurred
shortly after a high-magnitude earthquake that destabi-
lized large amounts of sediment (Keefer et al. 2003:70).
The mid-Holocene hiatus in El Nifio activity present
at Quebrada Tacahuay has been documented in other
areas of the Andes in association with human settlement
and is also corroborated by paleoclimatic evidence from
geographic regions outside the Andes (see Keefer et al.
2003 for a review). Although the modern periodicity of
El Nifio activity appears to have emerged within the last
5,000 years, El Nifios have far greater antiquity.

At Quebrada Tacahuay the Upper Series of strata
(Units 1-9) as defined by Keefer et al. (1998, 2003)
is of archaeological relevance, with deposits that date
from approximately 4500 rcyr BP to the Pleistocene
and contain evidence of human occupation (Units 4¢3
within Unit 4, 5, and 8).! Keefer completed the char-
acterization of the geological history of sedimentation
in collaboration with the archaeological investigations
using the exposed road cut and water main profiles
during the 1996, 1997, and 1998 field seasons, as well
as with an assessment of the area following the June 23,
2001, earthquake.

A massive ENSO-induced debris flow (Unit 7) buried
the earliest human occupation (Unit 8) under as much as
a meter of sediment. Radiocarbon assays from archaeo-
logical contexts above and below the debris flow bracket
this event sometime between 10,290 and 10,090 rcyr
BP (deFrance et al. 2001). Sediment analysis indicates
that the debris flow was viscous slurry characterized by

a large sediment load moving relatively slowly and in
laminar fashion, rather than a rapidly moving, turbulent
liquid flow (deFrance and Keefer 2005). Consequently,
the debris flow sealed the initial anthropogenic deposit
instead of scouring it. Some avian skeletal material on
the surface was pushed down into the base of the debris
flow, while those elements already covered with wind-
blown sands were protected.

A second, thinner debris flow (Unit 6) is interpreted
as having been deposited relatively quickly after Unit
7, based on the radiocarbon dates that bracket the two
units (Keefer et al. 2003). Minor human occupation
occurs in Units 4 (Unit 4¢3) and 5. Additional sheet-
flood and debris flow deposits accumulated at the site
and further sealed and buried the earliest anthropogenic
deposit under 2-3 m of sediment (Keefer et al. 1998,
2003). After the deposition of Unit 1 more than 4500
rcyr ago, the quebrada downcut its channel several
meters to its present elevation. Subsequently, no further
sedimentation was deposited across the site.

ARCHAEOLOGICAL
INVESTICATIONS

Previous Studies

In 1996, shortly after construction of the coastal
highway, Michael Moseley, David Keefer, and Dennis
Satterlee identified the recently exposed archaeological
deposits at Quebrada Tacahuay while examining land
surfaces and geological deposits in the region. A single
radiocarbon date from a hearth eroding from one of
the water main profiles revealed the antiquity (10,770
reyr BP) of an anthropogenic deposit of butchered and
processed marine birds within an aeolian sand lens
(8-40 cm in depth). Archaeologists conducted limited
research at the site in both 1997 and 1998 (Keefer 1998;
deFrance et al. 2001). The focus of these projects was
to identify the nature of the early human use of the site,
particularly the nature of subsistence activities. These
investigations primarily entailed collecting volumetric
samples from along the exposed road cut and water main
profiles; minimal horizontal excavations conducted in
1998 revealed the presence of well-preserved avifauna
and lithic refuse (Keefer 1998; deFrance et al. 2001).2
Small hearths were identified and partially excavated
from profiles; however, the 1998 horizontal excavations
did not reveal any in situ features. The collection and
analysis of fine-screened (1/16-inch, 1.8-mm mesh)
volumetric samples in both 1997 and 1998 and the
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limited spatial excavations were successful in recovering
abundant faunal refuse, a variety of unifacial lithic tools,
and large quantities of debitage, as well as carbonized
plant remains appropriate for radiocarbon dating.
These data sets provided incontrovertible evidence
for a specialized maritime economy focused on the
exploitation and processing (i.e., butchering, cooking,
consumption) of numerous cormorants and boobies,
with lesser use of several species of finfish and limited
use of marine shellfish. Faunal remains also included
some seal or sea lion remains, indicating either active
hunting or scavenging of marine mammals. Coastal
stone sources provided chalcedony for the production
of expedient cutting and scraping stone tools. The site’s
inhabitants did not consume any terrestrial resources of
dietary consequence, nor did they obtain any material
(e.g., stone, other raw materials) from other elevations
or habitats. The site is interpreted as a specialized mari-
time extractive and processing locale that was preserved
owing to its burial by the catastrophic if fortuitous
paleoclimatic events (deFrance and Keefer 2005; Keefer
etal. 1998, 2003; deFrance et al. 2001).

Despite having established the pattern of faunal
exploitation, the predominant technology, and the
chronological placement of the site’s deposits, little else
was known about the nature of the site occupation and
the earliest coastal inhabitants. The excavations had
recovered cultural materials but, being limited, had
not defined the context of their use and behaviors other
than faunal processing and preparation. The nature of
coastal residence was also unknown. Did the inhabitants
reside at this locale for any duration, only seasonally, or
was it a single-use site where a large quantity of birds
and some other fauna had been dispatched, processed,
and consumed?

The 2001 Excavations

The 2001 season consisted of the excavation of four
5 x 5-m square blocks in areas where previous investi-
gations had recovered abundant cultural material from
Unit 8 deposits exposed in various profiles (Figure
4.2). To reach Unit 8, we excavated 2-3 m of largely
sterile overburden using picks and shovels. Although
excavation with heavy machinery might have expe-
dited this process, we elected to use hand excavation
in order to document the changes in geological strata.’
Hand excavation also ensured that other ephemeral
cultural deposits (in Units 4¢3 and 5B) more deeply
embedded in noncultural levels would be identified and
not destroyed if they were encountered. Once intact

cultural deposits were identified, the block was subdi-
vided into 1-m squares. As in previous seasons, all the
material was screened with 1/16-inch (1.8-mm) mesh,
and we saved it to be sorted in the field lab.

The excavation of the four blocks had varying
degrees of success in locating unique cultural materials.
Block 1 (see Figure 4.2) was placed in an area along the
small profile designated 1A where previous excavations
recovered a large quantity of lithic debitage and some
tools in Unit 8. Following the excavation of Unit 1 in
Block 1 we uncovered a very thin scatter (5 cm max-
imum depth) of marine mussel shell (Choromzytilus choros)
at the contact between Units 1 and 2. This scatter had
not been identified previously in any of the profiles or
excavations. There was no cultural material with the
scatter. Although the shell lens was not dated directly,
the dates of Units 1 and 2 place the deposit sometime
between 4500 + 60 and 7920 + 80 BC. Once we exposed
Unit 8 deposits we found only a small quantity of
subsistence remains and lithic debris. A southern exten-
sion of the excavation (0.85 x 2 m to the profile edge)
in the area of Profile 1A recovered some additional
stone artifacts, but not a discernible workshop area. If
a workshop with more defined features existed in this
area, it was apparently destroyed when site sediments
were removed with the construction of the water main.
Within Block 1 and the extension, the Unit 8 deposits
contained a variety of faunal remains, predominantly
cormorant and booby remains, but also several elements
of pelican and a small number of marine mammal ele-
ments, either seal or sea lion.

Block 2 was located northeast of Profile 1 near where
the first hearth was sampled and where we excavated
a 2 x 1.5-m context in 1998 (see Figure 4.2). At the
surface of Unit 4 we uncovered a thin, amorphous
scatter (maximum dimensions 1.54 m east-west x 1.45
m north-south) of mussel shell (Choromytilus choros) and
charcoal along the east wall. The lens did not contain
any cultural material or faunal remains other than the
shell. This cultural deposit is also present in Profile 4;
however, the shell lens is not found across the site and
was encountered only in this excavation. A single AMS
date on charcoal produced a date of 9010 + 40 rcyr BP
(Table 4.1). Once Unit 8 deposits were unearthed in
Block 2, we found a thin scatter of cultural material,
but no cultural features or concentrations of refuse.
However, once we excavated Unit 8 and exposed the
silt lens (Unit 8C) and the sterile Pleistocene deposits
of Unit 9, we uncovered the remnant of a small stream
channel running roughly east to west through the block
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