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Introduction

Biological distance, or biodistance, is a measure

of relatedness or divergence among groups

separated by time and/or geography based on

morphological variation (Buikstra et al. 1990).

Biological distance studies, which are undertaken

to reconstruct population history and to assess

ancestry, dominated bioarchaeological research

during the nineteenth and early twentieth centu-

ries. The earliest attempts to comprehend human

variation and measure relatedness among human

groups, through the construction of typological

racial classifications, fell short of their predicted

goals. These early attempts were flawed due to

limitations of the approach, which included the

mistaken belief that humanity could be divided

into a finite number of pure races, and the lack of

adequate quantitative methods. Advances in

evolutionary theory, including quantitative

and population genetics, and improvements in

computing and statistical procedures in the early

twentieth century provided a much sounder basis

for measuring and interpreting morphological

variation within and between human groups.

Because of the demonstrated correlation

between phenotypic and genotypic similarities,

measures of biological distance in bioarchaeology

are generally determined through the application

of quantitative methods to metric and nonmetric

variation recorded in skulls, teeth, and skeletons.

Ancient DNA (aDNA) and other biochemical and

geochemical traits are beginning to find their way

into biodistance studies.

Studies of cranial form, most notably cranial

measurements (or craniometrics) that quantify

morphology, figured prominently in the early

development of the discipline and continue to

occupy a central role in modern biological

distance studies. While morphological variation,

especially quantitative variation, is subject to

nongenetic or environmental influences, this cat-

egory of variation is generally assumed to reflect

genetic similarity resulting from neutral

evolutionary forces (genetic drift, gene flow,

and mutation). There is now an emerging consen-

sus that craniometric data can be used as a proxy

to genetic data, hence the popularity of this

category of variation in biodistance studies.

The continuing interest in cranial form for

reconstructing population history is supported

by a number of factors including the precision

and repeatability of measurements, the con-

servative nature of craniometric variation, the

direct link with the past, and the demonstration

of a genetic component for this category of

biological variation. Likewise, the strong geo-

graphic patterning (e.g., Howells 1973), selective

neutrality of phenotypic (craniometric) variation
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(e.g., Relethford 2009), and the amenability of

continuous variation to multivariate statistical

analysis have ensured the continued use of this

category of variation in biodistance analyses.

Teeth, especially dental nonmetric traits, have

also figured prominently in assessing biological

distance among ancient and modern populations.

Standardization of dental scoring methods, high

genetic component, and conservatism of this cat-

egory of variation have made the dentition

a popular choice for reconstructing population

history.

Mathematically based methods, which are

often based on quantitative and population genetic

analyses, allow bioarchaeologists to address

a broad array of research topics that include:

• Tracing biological relationships, temporally

and spatially, for reconstructing past popula-

tion history, origins, and movement of human

groups

• Investigating microevolutionary processes

(e.g., gene flow, genetic drift, selection) and

the influence of geography and other isolating

mechanisms on the observed patterns of

biological relatedness

• Identification of postmartial residence patterns,

familial and kin groupings, cemetery structure,

social status, immigrants, and admixture

• Sorting of commingled skeletal and dental

remains

• Assignment of an unknown individual

(or skull) to a known reference group in

repatriation claims and forensic cases

By identifying the population structure, bio-

logical distance studies provide an important con-

text for addressing other topics in bioarchaeology

such as paleopathology, paleodemography,

health, and diet.

Definition

Biological distance, or biodistance, is the measure

of biological relatedness (or divergence) between

and within human groups, living and past, based

on human skeletal and dental variation.

Key Issues

Although equally applicable to morphological/

phenotypic variation, the discussion of the key

issues in biological distance studies will

focus on the use of cranial measurements, or

craniometrics, unless otherwise noted.

Underlying Assumptions

While morphological variation, including

craniometric variation, is subject to nongenetic

or environmental influences, this category of

variation is generally viewed as reflecting

genetic similarity. It is assumed that groups

that display more phenotypic similarity are the

most closely related. Additionally, various stud-

ies have demonstrated a significant genetic com-

ponent for many cranial measurements (e.g.,

Martı́nez-Abadı́as et al. 2009).

Geographic Patterning and Neutrality of

Craniometric/Phenotypic Variation

Beginning with the pioneering work of

W.W. Howells (1973), there is now near univer-

sal acceptance that human cranial variation is

geographically structuredmaking it highly attrac-

tive for reconstructing population history and for

assessing ancestry.

While some aspects of cranial morphology

(i.e., face and nose, Hubbe et al. 2009) are sus-

ceptible to climatic adaptation, numerous studies

have demonstrated that phenotypic distance and

global patterns of craniometric variation, on aver-

age, correlate with neutral genetic distance glob-

ally and are consistent with neutral traits under an

isolation by distance model (Relethford 2004;

Roseman 2004; Harvati & Weaver 2006; von

Cramon-Taubadel 2009; Betti et al. 2010). Stud-

ies such as these reiterate that cranial form pro-

vides valuable information about past population

history and for investigating microevolutionary

processes (Smith 2011). Furthermore, that

craniometric variation is geographically struc-

tured allows high levels of classification accuracy

when crania from different parts of the world are

compared (Relethford 2009).
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Variables and Methods

Studies of biological distance, beginning in

the 1970s, increasingly relied on the application

of multivariate statistical procedures to

craniometric data. Multivariate statistical proce-

dures comprise a family of related mathematical

procedures that allow the simultaneous analysis

of many random but interrelated variables whose

effects cannot be interpreted individually in

a meaningful manner. These procedures are

exceptionally well suited for investigating

patterns of biological variation, measuring

relatedness among groups, and making other

inferences of the variables and groups selected.

The primary multivariate statistical procedures

applied to craniometric traits in biological

distance studies include principal components

analysis, stepwise discriminant function (canoni-

cal) analysis, and Mahalanobis’ generalized

distance statistic. Various clustering algorithms,

such as the unweighted pair group method

algorithm (UPGMA), facilitate interpretation of

relatedness between groups through the construc-

tion of dendrograms (see Case Study 1). A more

detailed discussion of the methods used

for analyzing metric data is provided in

Pietrusewsky (2008a). C.A.B. Smith’s mean

measure of divergence (MMD) remains one of

the most popular distance statistics for analyzing

dental and cranial nonmetric traits.

In addition to traditional landmark measure-

ments (linear distances, areas, volume, angles),

the use of Cartesian coordinates of cranial

landmarks recorded in two or three dimensions

using digitizing equipment is a recent alternative

approach for quantifying size and shape.

Geometric morphometric techniques, including

Procrustes analysis, have become standard tools

for analyzing coordinate data (Slice 2005).

Model-Free and Model-Bound Approaches

The earliest biological distance studies were

largely model-free approaches that focused

more on the overall similarities among groups

than on the causes of the observed patterns of

variation. Later studies applied a population

genetic framework for analyzing quantitative

traits (e.g., Relethford & Blangero 1990;

Roseman 2004; Smith 2011). These model-

bound approaches allowed the estimation of

microevolutionary processes such as gene flow

and genetic drift.

Selection of Samples and Variables

Because skeletal series represent only samples of

past biological populations, which often span

considerable periods of time and may be biased

in their representation, extreme caution should be

exercised when skeletal (cranial) samples are

used in biological distance studies. Using

relatively large samples that are free of system-

atic bias helps to alleviate some of the concerns.

Likewise, the selection of traits that are less

susceptible to environmental and cultural influ-

ences further ensures that the results of biological

distance analysis more faithfully estimate genetic

relatedness. Recent studies (e.g., von Cramon-

Taubadel 2009; Smith 2011) suggest that some

bones of the neurocranium such as the temporal

bone because of its stronger correlation with

neutral genetic data might be more reliable for

reconstructing human population history than

other regions of the cranium.

Current Debates

Origin and Dispersal of Modern Humans/New

Hominin Species

Refinements in methods and techniques continue

to influence work in biological distance studies.

Some of the recent developments are associated

with the debate over the origin and pattern

of dispersal of anatomically modern humans

(e.g., Smith 2011). The association of

craniometric variation and geography has been

viewed within the context of this larger debate.

The question of whether long distance gene flow

mediated by geographic distance (isolation by

distance model) or population dispersal, such as

with the spread of modern humans out of Africa

100,000–150,000 years ago, is responsible for
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this observed correlation has been examined

(e.g., Weaver et al. 2008).

Biological distance studies have also been

used to evaluate claims for the designation of

new hominin species, such as Homo floresiensis,

in paleoanthropology.

Origins of Native Americans

Studies in biological distance contribute to recon-

structions of population history at both the global

and regional levels. Craniometric variation

studies addressing the origin and dispersal of the

first humans to reach the Americas are illustrative

of regional analysis (e.g., Ross et al. 2003). Many

other studies examining the population history of

various regions and time periods, too numerous

to cite in this entry, have appeared in the literature

in recent years.

Transition from Hunting-Gathering to

Agriculture

Another debate that biological distance studies

have contributed to in recent years is the

transition to farming in Europe and whether indig-

enous hunter-gatherers were replaced (demic dif-

fusion model) by agriculturalists from the Near

East or whether these indigenous groups adopted

farming practices (cultural diffusion model) from

their neighbors (e.g., von Cramon-Taubadel 2011).

Studies that focus on the transition to farming in

other regions of the world have also appeared.

Boas’ Immigration Studies and Cranial

Plasticity/Climate and Environmental

Influences

Several recent investigations (e.g., Sparks &

Jantz 2002) examined the statistical and biologi-

cal significance of Franz Boas’ immigration

studies as they relate to cranial plasticity. Often,

these studies are discussed within the broader

context of the debate over genetic and environ-

mental influences on craniometric variation and

the degree to which skeletal and dental morphol-

ogy are influenced by environmental and/or

selection pressures (e.g., Harvati & Weaver

2006; Hubbe et al. 2009).

In the field of forensic anthropology,

discussion continues over the existence of races

and the use of computer software programs (e.g.,

FORDISC & CRANID) designed to assign

unknown individuals to a reference group.

Individual Bones of the Skull and Biodistance

Studies

Several recent studies have identified the possible

influence of environmental factors that may

affect craniofacial morphology. These, in turn,

have led to specialized studies that examine the

shape of individual bones of the cranium to

identify which are more strongly correlated with

neutral genetic expectation and thus better suited

for use in reconstructing human population

history and primate phylogeny (e.g., von

Cramon-Taubadel 2009; Smith 2011).

Future Directions

Future work in studies of biological distance is

anticipated to build on previous work in evolu-

tionary quantitative genetics and contribute to

a broad array of evolutionary questions in

bioarchaeology and biological anthropology.

Refinements in quantitative methods including

Bayesian statistical modeling and new imaging

technology will continue to shape future work in

this field. The use of geometric morphometrics

and Cartesian coordinates of cranial landmarks

for analyzing size and shape will likely witness

an increased presence in the field. While the

use of digitizing equipment for recording 3D

coordinate data is expected to become more

common in future work, reliance on traditional

landmark measurements made with calipers

will persist as an attractive and convenient

alternative.

The multivariate statistical procedures associ-

ated with traditional morphometric analyses,

such as principal components analysis, discrimi-

nant (canonical) analysis, and Mahalanobis’

distance, will continue to occupy an important

role in future biodistance studies. The reliance

on multivariate methods associated with biologi-

cal distance studies, old and new, reinforces the

need for students to be adequately trained in

statistical and quantitative methods.
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In addition to studies of skull form and teeth,

the analysis of aDNA and other geochemical data

will attract future research in biological distance.

Combining data from multiple sources (e.g.,

Ricaut et al. 2010) will likewise provide new

opportunities for reconstructing evolutionary

and population history.

As never before, access to computers, imagin-

ing technology, user-friendly software for

conducting biological distance studies, and shar-

ing of data and quantitative methods will guide

and encourage future studies.

Given the current repatriation claims and issues

surrounding the accessibility of skeletal remains,

the creation of data banks such as W.W. Howells’

craniometric data bank, and the sharing of data

worldwide will provide a wealth of information

that is nonrenewal. Many of the skeletal series

examined in biodistance studies just a few decades

ago using traditional morphometrics (e.g., Polyne-

sians and Australian Aboriginals) are no longer

accessible to researchers.

Case Study 1: An Example of Biological

Distance Analysis

In this example, two multivariate statistical proce-

dures, stepwise discriminant function (canonical)

analysis and Mahalanobis’ distance, are applied to

27 landmark cranial measurements recorded in 56

modern and near modern male cranial samples for

understanding the population history of the Asia-

Pacific region (Table 1, Fig. 1) (Pietrusewsky

2008b). Discussion of these results is restricted to

a canonical plot of group means and the dendro-

gram of Mahalanobis’ distances, with detailed dis-

cussion provided in Pietrusewsky (2008a).
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Biological Distance in Bioarchaeology and Human
Osteology, Fig. 1 Map showing the approximate

locations of the 56 cranial samples used in the example

(This figure, reproduced here courtesy of Etty Indriati, was

originally published in Pietrusewsky (2008b))
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Stepwise Discriminant Function Analysis

Three clusters emerge when the group means for

the 56 group are plotted on the first two canonical

variates (Fig. 2). One of these includes the cranial

series from Australia, New Guinea, and

geographical Melanesia. A second cluster

includes the cranial series representing Polynesia

and Guam. Cranial series from Mainland

Southeast Asia and East Asia form a third major

constellation. Of note, the cranial series

from the Southern Moluccas, Admiralty

Islands, and Lesser Sunda Islands occupy an

intermediate position between the Polynesian

and Australo-Melanesian cranial series.

Mahalanobis’ Generalized Distance

Applying the UPGMA clustering algorithm to

Mahalanobis’ distances results in the dendrogram

shown in Fig. 3. The primary division evident in

this diagram places all the cranial series from

Australia and Melanesia in one branch while the

second includes the cranial series from Polynesia,

Southeast Asia, and East Asia. Within these

major divisions, there is internal differentiation

that generally mirrors geography. It is also worth

noting that New Zealand Maori (Polynesia),

Southern Moluccas (Island Southeast Asia), and

the Admiralty Islands (Melanesia) cranial series

form a cluster that ultimately links with the

Australian-Melanesian branch in this diagram.

Australia/Melanesia Versus Southeast/East Asia

and Remote Oceania

The presence of two major divisions demon-

strated in these results supports archaeological,

linguistic, and genetic models that the indige-

nous inhabitants of Australia, Tasmania, and

geographical Melanesia share a common origin

that is unrelated to that for the modern inhabi-

tants of Southeast Asia and East Asia. The sharp

separation between Polynesian and Australian-

Melanesians series further reinforces archaeo-

logical and linguistic models. These models

hypothesize an earlier colonization of Australia,

Biological Distance in
Bioarchaeology and
Human Osteology,
Fig. 2 Plot of 56 group

means on the first two

canonical variates after

applying stepwise

discriminant function

analysis to 27 cranial

measurements.

Abbreviations of the cranial

samples are explained in

Table 1 (This figure,

reproduced here courtesy of

Etty Indriati, was originally

published in Pietrusewsky

(2008b))
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New Guinea, and neighboring regions of Near

Oceania and a much later colonization that led to

the peopling of previously uninhabited remote

Oceania.

Southeast Asia and North/East Asia

These results further allow an examination of

some of the current archaeological models

advanced to explain the population history of

East and Southeast Asia. The sharp contrast

between East/North Asian and Southeast Asian

cranial series does not support linguistic and

archaeological models that argue that the indige-

nous inhabitants of Southeast Asia were replaced

by immigrant groups of people of amore northern

origin during Neolithic times.

Island Southeast Asia/Polynesian Homeland

Finally, these results also support an ancestral

Polynesian homeland in East/Southeast Asia

and not one within geographically adjacent Mel-

anesia. The connection between New Zealand

Maori (a Polynesian series) and the Southern

Moluccas (Island Southeast Asia) cranial

series supports a probable Island Southeast

Asian origin of the Polynesians, an association

also demonstrated in previous analyses of

genetic data.
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Introduction

The measurement of bones is a routine aspect of

zooarchaeological analysis. Requiring minimal
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