3538

in the context of historical, paleobiological, and
modern records of the long-term natural and
anthropogenic influences on marine ecosystems,
archaeology is a powerful tool for helping
better understand contemporary environmental
problems.

Today, coastal archaeological sites around the
world are increasingly threatened by accelerated
sea level rise and erosion, development and con-
struction projects, looting, and many other pro-
cesses. As research into human impacts on
ancient marine ecosystems continues to grow,
we also need to work to conserve the fragile and
disappearing global coastal archaeological record
that is the foundation for this research.
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Environmental Archaeology and Conservation
Historical Ecology and Environmental
Archaeology

Ichthyoarchaeology

Pacific Ocean: Maritime Archaeology
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Introduction

Migration is one of the key characteristics of
humanity, and population movements are as var-
ied as human culture itself. Identifying migra-
tion in the past represents one of the most critical
questions that archaeologists address because it
affects nearly every aspect of life, like the avail-
ability of sufficient land, food, and marriage
partners. Archaeologists traditionally use mate-
rial objects to recognize ancient societies, which
makes identification of population movement
a difficult endeavor. When does a change in
material culture represent an influx of new peo-
ple into a region, and when does it reflect new
trade goods or ideas? Some of the most critical
changes in human history, such as the transition
from hunting and gathering to farming, hinge on
the answer to this question. Advances in biogeo-
chemical research methods like isotopic and
DNA analyses have resulted in significant
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advances toward resolving some of these
longstanding dilemmas.

When applied within an integrated research
strategy, bioarchaeological approaches to
human mobility provide a unique set of data
that illuminate facets of the past not otherwise
obtainable by the archaeologist. For example,
a contextual analysis of seasonal and geographic
mobility of livestock excavated from a large,
urban center provides information on
a society’s economy, social organization, and
use of its environment. The precise “origin” of
the animals matters less than how patterns might
differ between house compounds, quarters of the
city, and market areas. In this entry, we attempt
to capture the diversity of questions archaeolo-
gists ask about ancient mobility using
bioarchaeological approaches.

Definition

A bioarchaeological approach does not imply
a specific analytical technique, but a suite of
anthropological research questions. The term
“bioarchaeology” may refer to the analysis of
anything biological recovered from an archaeo-
logical site, or only of human skeletal material.
North American use of the term denotes an inte-
grated, multidisciplinary research strategy that
focuses on archaeological human remains to
reconstruct life histories and population structure
(Buikstra & Beck 2006). However, human skel-
etal remains do not represent the full range of
materials that archaeologists use globally to
investigate migration in past societies. Analyses
may also include population genetics of modern
humans and archaeological fauna as proxies for
human mobility.

What is migration, and how do archaeologists
attempt to identify it? Archaeologists have tradi-
tionally focused on one-way, long-distance
movements where a group colonizes an
uninhabited area or displaces an existing popula-
tion (e.g., Rouse 1986). However, human mobil-
ity is far more complex, and this limited
perspective excludes most types of population
movement throughout history (Anthony 1990).
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Individuals or groups may change residence sea-
sonally to herd livestock. Or an individual may
relocate more than once, either within a political
entity or across a regional or national boundary.
Relocation may also be involuntary, as in the case
of the slave trade. Migration includes each of
these types of movement, as neither the distance
nor the reason for the move form critical parts of
the definition.

Historical Background

Diffusionism provided the initial framework that
archaeologists used to explain cultural evolution.
During the late nineteenth and early twentieth
centuries, scholars generally made a direct con-
nection between changes in artifact styles and
ethnically distinct groups, using migration to
explain social change. At the same time, studies
of human skeletal variability relied on racial
typologies, with migration and admixture figur-
ing prominently in the influential work of
Hrdlicka and Hooton (Armelagos & van Gerven
2003).

During the 1960s, the theoretical and method-
ological shift of processual archaeology seriously
challenged the role of migration (and invasion) as
an explanation for past sociocultural change and
decoupled a simplistic linkage between artifacts
and people. The emergence of a biocultural
approach in analysis of human skeletal remains
reflected these trends, and incorporated popula-
tion movement and relatedness. However,
processual archaeology marginalized migration
as an explanatory framework, and it only
reemerged during the 1980s (see detailed discus-
sion in Trigger 2006).

Currently, research focuses not only on
reconstructing patterns of population move-
ment, but also on how mobility articulates with
aspects of social organization and identity (e.g.,
contributions to Knudson & Stojanowski 2009).
Archaeological analyses used to reconstruct
human mobility fall into three general catego-
ries: osteological, biogeochemical, and genetic
(Table 1). None of these techniques
provide simple “answers” about mobility or
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Table 1 Bioarchaeological techniques used to recon-
struct ancient mobility

Category
Osteological

Biogeochemical

Genetic

relationships

Techniques

« Biodistance
Cranial/
postcranial
(including dental)
metric and
nonmetric
variation

* “Light” isotopes:

carbon (8'3C),
nitrogen (8'°N),
oxygen (8'%0),
and sulfur (8**S)
* “Heavy”
isotopes:
strontium
®7Sr/*°Sr) and
lead (Pb)

« Trace elemental
ratios: Sr/Ca and
Ba/Ca

* mtDNA

* Nuclear DNA

*« aDNA

* Polymorphisms
in other
biomolecules
other than DNA
Blood factors:
ABO, Rh, HLA,
etc.

between past

Evidence for
mobility

» Genetic
relatedness —
kinship and mate
choice

* Regional
variation in cranial
or dental
modification/
decoration

*» Regional
differences in diet
« Differences in
diet and water
isotopic
composition show
geographic
mobility

« Population
history/phylogeny
* Emergence of
new alleles (e.g.,
lactase
persistence)

peoples. Each

method incorporates certain assumptions that
may result in more than one possible explana-
tion for the same data, which limits the types of
questions archaeologists can ask. Archaeolo-
gists cannot address mobility in the same ways
that modern anthropologists, demographers, and
geographers can. Therefore, multiple lines of
evidence are fundamental to understanding past
human mobility.

Osteological approaches are characterized by
macroscopic examination of archaeological human
remains and form an essential core of approaches to
past mobility through biological and genetic
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distance analysis. So-called biodistance studies are
based on measurement of cranial or dental metric or
nonmetric traits. Mobility is inferred from devia-
tions from regionally defined averages and has been
used to consider gender-specific postmarital resi-
dence patterns, as well as regional gene flow and
interaction (Buikstra & Beck 2006). Although cur-
rent research emphasizes population genetic-based
perspectives, there is some concern that typological
(i.e., essentially “racial”) approaches persist
(Armelagos & van Gerven 2003).

Biogeochemical approaches to mobility take
advantage of differences in isotopic signatures in
human tissues that reflect systematic environ-
mental variability. Trace element ratios, specifi-
cally strontium and barium, also are used to
evaluate mobility (Burton et al. 2003). Early
analysis of isotopes in archaeological material
focused on paleoclimate and dietary reconstruc-
tion. Recognition that strontium isotope ratios
(87Sr/86Sr) could be used to examine past human
residence patterns (e.g., Ericson 1985) shifted the
perspective of isotope techniques to include
mobility. Oxygen isotopes (5'%0) from skeletal
phosphate or carbonate have been used exten-
sively by archaeologists to identify prehistoric
mobility, as have other isotope systems such as
nitrogen (SISN), lead (204’ 206, 207, 208Pb), and
sulfur (5348). In fact, multi-isotope studies are
becoming increasingly common. Biogeochemi-
cal analysis has also been wused with
archaeozoological material to investigate mobil-
ity of pastoralists, as well as strategies used by
hunter-gatherers (see Table 2).

Genetic techniques first investigated variation
in discrete biological factors (Cavalli-Sforza
et al. 1994). Frequencies of particular alleles,
such as ABO blood types, were then visualized
geographically. The advent of DNA sequencing
and the measurement of mutation rates allowed
researchers to add divergence times between
populations to this analysis. Cann and colleagues
(1987) used differences in mitochondrial DNA
(mtDNA) to suggest an African origin for modern
humans 100,000 years ago. Improvements in
technology allow researchers to focus on genetic
diversity in modern populations around the
globe.
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A y Archaeological
Bioarchaeological questions Region/locality
Approaches, Table 2 A 5 .

Dispersal of Eurasia

sample of research using
bioarchaeological methods
to understand migration in

modern humans

various world regions Spread of Global
agriculture
Peopling of the East Asia
Americas Americas
Pastoral Eurasia
mobility
Lifetime Eastern
mobility Mediterranean
Imperial Rome
Bronze Age
Britain
Egypt
Mesoamerica
New World Yucatan
slave trade Barbados
Sacrificial Mesoamerica
burial South America
Kinship, Neolithic
postmarital Europe
residence Thailand
American
Southwest
Identity and Japan

social hierarchy South America

Bioarchaeological
techniques

» mtDNA and
Y chromosomes
« aDNA

* mtDNA and
Y chromosomes
* aDNA

genetic markers
« 87G/%6gy

.« 5150

* Craniometry

* Craniometry

* Dental analysis
genetic markers
» mtDNA and
Y chromosomes
« 875;/568;
<5150

.513C

« 87Sr/%6Sr
«5"%0

315N

3%s

« 87G/56y
« Biodistance
« 87Sr/%sr
. 6180

« 87565y
<580

« 87G/56gy
.« 5150

« aDNA

875,868,
. 550

 206204py 207/
204py, 208/2’04Pb

» Dental ablation
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Key Issues

Using Bioarchaeological Techniques to
Reconstruct Migration

Archaeologists attempt to situate evidence of past
mobility within a larger contextual framework, but
the nature and scale of major research questions

varies considerably. At the broadest level are ques-
tions concerned with transformational dispersals
in human history — from hominins leaving Africa
to the spread of agriculture — that frequently utilize
genetic analysis to elucidate the structure of past
human migration and interaction. Conversely, the
most specific seeks to understand how mobility
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articulates with local or regional social processes
of economy, identity, and ritual. Research at this
scale involves direct analysis of archaeological
skeletal remains and may focus on the life histories
of specific individuals. Biogeochemical data at
this scale only pertain to the period of formation
of the sampled skeletal tissue (i.e., period of tooth
formation). Table 2 outlines some recent applica-
tions of bioarchaeological methods to identify dif-
ferent types of mobility; it is by no means
comprehensive, but provides some examples of
current research.

Bioarchaeological approaches to migration
are currently limited by a number of factors.
First, most biodistance studies are based on sim-
ilarities in morphological traits, which can result
from environmental influences as well as shared
genes. Incomplete skeletal remains also require
estimation of missing data, which may greatly
reduce the sample size, a common problem in
archaeological studies.

Second, recognition that isotope variability
does not necessarily correspond to cultural
regions — and that neighboring regions may dis-
play similar values — has stimulated debate about
the best way to differentiate ‘“local” from
“nonlocal” individuals. The potential for diage-
netic alteration of archaeological materials also
affects both biogeochemical and genetic ana-
lyses. Critiques of nearly every study involving
aDNA note the possibility that the results include
modern DNA, despite efforts by geneticists pre-
vent contamination. Researchers increasingly
prefer to sample tooth enamel, which is less sub-
ject to alteration in the burial environment. Each
study presents different taphonomic and labora-
tory challenges. One of the best solutions is to use
multiple lines of evidence to reconstruct popula-
tion movement and interpret its meaning. One
such example comes from intensive research on
a Neolithic mummy in Central Europe that used
a combination of bioarchaeological techniques to
reconstruct the life history of a single individual.

Case Study: The Tyrolean Ice Man

In 1991, hikers discovered a 5,200-year-old frozen
mummy in the Otzal Alps: who was “Otzi,” and
where did he come from? None of the artifacts
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found with the body could be used to determine his
origin, so scientists used isotopic, osteological,
and genetic methods to identify Otzi’s homeland
and to understand how he lived and how he died.

Where did Otzi live? Strontium, lead, and
oxygen isotope values in his bones and teeth
show that he probably spent most of his life less
than 60 km from his place of death (Miiller et al.
2003). Analyses of his last meals, sampled from
his intestinal tract, show that he traveled from
lower elevations shortly before he died.

Who was he? Otzi’s mtDNA closely resem-
bles that of modern populations living in the
Otzal Alps region (Rollo et al. 2006). Healed rib
fractures and skeletal pathologies show that his
lifestyle was active and, at times, dangerous
(zur Nedden et al. 1994). It is possible that tattoos
on his legs, back, and hands were not simply
decoration, but evidence of therapeutic treatment
for his arthritis and other ailments (Renaut 2004).

Was Otzi a migrant? Otzi may have lived in
a different village as an adult than as a child, but
he was not a long-distance migrant. He may have
moved seasonally, or traveled throughout the
region as an adult, but he was not far from his
place of birth when he died. The circumstances of
his death have prompted speculation that he was
fleeing his home: an attack shortly before he died
left an arrowhead lodged in his shoulder region
(Gostner & Vigl 2002) (Fig. 1).

Nearly every possible biogeochemical analy-
sis has been conducted on Otzi and his belong-
ings, but archaeologists still need contextual
information to interpret the results. In this case,
there is no burial or site information. Studies
conducted on individuals buried in tombs or
households provide more in-depth information,
especially if written texts also are available.

One example is the life and migration history
of the Maya king K’inich Yax K’uk’ Mo’ from the
Classic period site of Copan. Bioarchaeological,
isotopic, textual, and archaeological data suggest
that he moved multiple times during his life, and
that his nonlocal origin was an important factor in
his role as ruler. Other migrants have been identi-
fied at Copan (Price et al. 2010), as well as other
sites in the region, which allows researchers to
place this study in a broader regional context and
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Fig. 1 Bioarchaeological
techniques used to
reconstruct Otzi’s life
history (Adapted from
Renaut 2004)

(~40 yrs)

have contributed to his death

mtDNA extracted from multiple
tissues identify Ozti’s probable

ancestry. Radiocarbon dating
of bone collagen shows that
he lived 5200 years ago

to suggest that migration was a common phenom-
ena in the Maya lowlands.

Future Directions

Archaeologists will need increasingly specialized
and sophisticated knowledge to be producers of
bioarchaeological data. Collaboration with spe-
cialists will continue, but archaeologists them-
selves must gain greater expertise in
biogeochemical and genetic techniques to better
apply those using anthropological frameworks.
New techniques and isotope proxies also con-
tinue to enhance bioarchaeological aims. For
example, emergence of 3-dimensional morpho-
metric techniques will refine biodistance analysis
(Buikstra & Beck 2006), as well as incorporation
of GIS applications (Relethford 2008). Investiga-
tion of other isotopes in skeletal material, such as
sulfur and lead, may provide new proxies for
mobility (e.g., Richards et al. 2001; Miiller et al.
2003). Pursuit of more detailed understanding of
the nature and scale of isotopic and genetic varia-
tion will clarify relationships between biological
and environmental variations (e.g., Bentley 2006).

Tooth wear and cranial suture fusion
show that he survived to middle age

An arrowhead seen in X-rays may

3543

Isotopic values in tooth enamel,
dentine, and bone show probable
sources of food and drinking water

Analysis of intestinal contents
shows that he died during the fall

Linear tattoos may have had
therapeutic origins: X-rays
show spinal pathologies

CT scans show that aside from a healed
injury to the ribs, most skeletal damage
was caused by the glacier and excavation
efforts: the body was covered quickly
and remained relatively undisturbed

Such advances will prove crucial to archaeo-
logical studies of migration in coming years.
A more in-depth understanding of the human
genome and how genetic markers relate to oste-
ological variability will help to identify migration
within human populations. Larger datasets also
will prove useful in identifying broader patterns
of mobility, and reanalysis of existing collections
at archaeological sites and museums will
increase. Ultimately, even the most advanced
techniques are limited by biology, environmental
variability, and the nature of the archaeological
record. Even with these limitations, the ability of
archaeologists to identify past mobility and place
it within a larger social context is stronger than
ever.
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Human Remains in Museums
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Introduction

Human remains have long been acquired for study
and display in public and private museums and those
of universities and learned societies worldwide.
They are today to be found in a range of collections,
but particularly those associated with anatomy and
the medical sciences, archaeology, anthropology,
ethnography, and natural history. They have also,
historically, been located in phrenology museums
and were subject to acquisition as curios whether
within small private collections or the larger cabinets
of curiosity compiled by prominent individuals and
monarchs of renaissance Europe. The contents of
some of these curiosity cabinets are now to be
found in museums today, and indeed sometimes
formed the basis of their initial collections.

Definition

All types of human remains have been acquired
by museums, including ancient and modern
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