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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
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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

o 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.
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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.,
Martinez-Abadias 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 structured making 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
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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
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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.



893

Biological Distance in Bioarchaeology and Human Osteology

(panunuod)
umouy Jou are suauoads
9say) JO SAlep 198X A ], "AINJUAD YIUSIJaUIU e[ Y} UL PAJOJ[[0I dIom suduirdads asay)
Jo Kyuofew 9y ], "BIUOPS[E)) MON UO SUOIBIO] PUBUI PUE [BISEOD [BIJAIS WOIJ I8 BIUBID
umouy Jou are susuoads dsoy)
Jo sajep 10eXa Ay [, spue[s] A1[eAo] ‘sdnoin) pue[S] BIANQ PUB ‘NOJITT ‘QIB]A WIOI] dIe BIURID)
umouy J0u dre suaudads 9say) JO sarep 10BXd A, ‘NJeNUBA ‘Spue[s] ojues nuidsg
pUuE 150091Udd ‘O[RJN WO} 7] 6] Ul Jastadg X1[o £q pa1oo[[0d a1om suawrdads oy) Jo 1SOI
umouy Jou aIe suouioads asay) Jo
Sa1ep 10eX9 oy [, 'spue[s] 114 oy ur dnoin neJ oy) Jurpnjour Spue[si Jofew [[e WoIj dIe BIULID)

umouy jou are suawrdads 2say) Jo sajep

JoeX9 9y, ‘o3e[odIyory njowren], 9y3 ur eJeBIA WoIj are suawroads oy Jo Ajuofew oy,
umouy jou

are suowroads 9say) JO SA)eP 19X AL, "SPUR[S] 12100 ‘NIYE ], JO PUB[ST ) WOIJ A0 BIUBID
umouy Jou aIe

suowroads 9saY) JO SAJEP JOBXS AL, "PUL[ESZ MAN] ‘SPUB[S] WEYIBY)) Y} WOIJ BIULID LIOLIO]A
UMOUY JOU dIe SUAWIOads 9say) JO SAIBP 108X A, ‘PUB[EIZ MIN

JO SpuR[S] YINOS PUE YION dY} WOIJ BIULID LIOBJA pue[edz moN jo o[dures aanejuesardor v
umouy J0U oIe suowoads asoy)

JO S9JBP 10BX2 A I, "B BATH PUB BATH NYNN ‘EBlenye ], ‘ATl nje, ‘Spue[sl Inoj Wolj oJe eIuer)
(81 L1-21d) ouoystyaxd

9q 01 pawmsaid are suowroads [y '1,eney pue ‘(mnejA) enyeyouoy ‘(nye,) ndeyoJA :SILIs
[€39193S JUSISIJIP 901} WOIJ USSOYD A[WOPULI Ud3q dARY suawroads jo requnu enbs uy
umouy Jou oIe suowroads 9say) Jo sejep 1oexd Y], "(puers] Ieiser) my edey

‘Keg asno1od e pue nyieA Je /88] Ul Meuld AqQ PIod[[0d dIom SLIed UI BIUBIO 9U) JO ISOJA
suo)styard oq 03 paAdlfeq

are Ajrrofewn oy ‘umouy Jou a1k SUSWIAds maf B 10J Sajep 10BX oY) YSNoyI[y ‘ASUpAS

PUe SLIBJ ‘UI[Iog UT SWNISNW WOIJ oI sudwirdads Sururewal Y], 986 1/S861 Ul uuewouuadg
NI £q paleABOX 9¢C-1y-0], WOIJ QAL PUE GG UI UOSPIAB(T JoUel £q PIJBABIXD Z-1Y-0],
pUE -1y-0], WOIJ 0M) {076 UT WSO £q PajeALOXd njowreSuod WoIj S[[nYs 91y} dIe
SoLI9s UBSUO ], 9Y) UI papN[ou] "BOWES WIOIJ QI8 dAY pue e3UO ], WOIJ aIe Suawroads uaalino,g

SYTRWY

91-¥Vd ‘ve-Svd

L9Vd ‘€v-SvVd

Ly-SvVd

TS 9-NNd “€-SIV L-dVvd ‘11-dd9
T-VHD ‘€¢-Hdd v-3dd ‘T-9INO * €-INVS 1-9dd
81-dvd

11-4d9 *€¢-9vd

7-4vd ‘$-10D €-Svd ‘T-SWV

S-H¥Ad *€-INIV 0T-NVD -TdM T-INLO *8-NNd
9-4Yd ‘$-4NZ

‘1-1OD ‘€T-NIV ‘T-INVS 12-9Vd ‘¢-399

¢1-4d9 ‘1-01d *1-dd71 ‘6v-d4vd

0C-INIS “0¢-NOH :0¢-9ddd

9€-¥Vd ‘6-3¥d $-¥d9

I-INIS 63NV TNV ‘v-ddd
1-4Vd ‘1-34d TSNV -¢-3dd

0S

0s

Ly

(44

81

144

Sy

0s

€9

09

0S

61

BIUEL) JO JAqUINN PUE (UOHEIOT]  BIUBLD

JO 'ON

(TON)
eIUOPATE) MON “T1

(A0D
spue[s] AJ[eAoT "1

(NVA) nenuep Q[

(LD 1 6
DISIUD]I N pUD]S]
(vN.L) oefediyory
njoweng, ‘|

(D0S)

Spue[s] A19100§ */
(ILHD)

spue[s| weyjey) ‘9
(ZN)

pueeaz maN ‘¢

(O9W)
sesanbiIe|y ‘4

(MVH) L,lemeH "¢

(sva)
Ppue[S] J9)sey ‘¢

(®0L)

eowreS-e3UOT, |
pisaufjoq

L(A21qq€)
QuIeN SOLIOS

ordwrexa oy} ur pasn sojdwes [eruerd s[ew XIs-Ay1J | djqel ‘AbojoaisQ uewnH pue A6ojoaeyd.ieolg ul dduelsig |ed16ojoig



Biological Distance in Bioarchaeology and Human Osteology

894

umouy Jou oIe suowroads 9say) Jo SoJep J0BX9 Y], "BI[eNsny ‘AIOIIIo],

UIOYMON] 9} UI (9¢) PUBJWYUIY PUe ({]) UlMIe( 1104 WOL) BIURID [eUISLIOQY UBI[RNSNY
umouy 10U aIe suauIdAds 9saY) Jo sojep JoBX? AU L, "PUB[SUINY)

JO SUOISAI UI0)SE-[PPIW PUE UIS)SEIYINOS 9Y) WOIJ BIURID [eUISLIOqY UeI[ensny

umouy jou aIe suowroads asay) Jo

SOJEP 108X A I, 'SO[E A\ YINOS MIN UI SUOIIEIO] [EISEOD 9Y) WOTJ BIULID [BUISLIOqY UBI[ENSNY
umouy Jou oJe suowroads

9sY) JO SAJeP 10BXA YL, '0S61—6T6] UaMmIaq SI[BA\ YINOS MAN UI (J00GO0D) 01 B[[IMOY)))
IoATY AermpA oY) Suofe Yoe[q "JA'D £qQ P109[[00 2Iom BIURID [BUISLIOQY UBI[RIISNY

umouy Jou are suauroads asoyy

JO saJep J0BXQ AU, "BouInn) MmoN ended ‘SuorSor ej[o(] eing pue JOATY 1eind oy} Suofe woij
AIe 76T PUe 06T UamIdq ISISGIA\ PUR PIEIdD) Aq paureIqo S[Iys (paALISUD) pajeIoddq
umouy Jou re suawrdads asay) Jo sAjep Joex? oy J, ‘eAef ueL] ‘Aeg JUIA[OD)

‘(010SKJA)) PUB[S] Je1g U0 ¢/ 8T Ul JOKSN "q'V Aq Pa1od[[0d axom suawroads oy Jo (G) ISOIN
UMOUY| 10U dIe suauIroads 353t Jo sajep 10exa Ay, ‘eauinn) maN ended ‘1oary yidog oy Suofe
SUOTJEI0[ SNOLIEA W] ()6 | UT UQJNeyuISeyos o)lQ £q Palod][0d 210M USPSAI(] Ul suawroads oy,

umouy jou aIe suowroads 9say) Jo

SOJEp 108X AU I, 'SPUE[S] AI[RIIWPY ) JO SPUB[S] SNUBIA] PUE JoIURY] ‘NULIOH WOoIJ sudwoadg
umouy 10U oJe suouroads 9say) Jo Sojep Joex9 Y],

'806] UI uonIpadxy 99spng oy} SurLmp pajod[[0d a1om uaSurIQn ur SUSWIOAdS ay) (pue[st 3y}
JO puo UIAYIIOU Y} WOIJ 8] T—/ 88T UI [YOJ AQ P[0 IoM USPSAI(T UI BIUBID ) JO ISOIA
umouy jou oIe suowroads 9say) Jo sajep

JoBXQ AU, "BIURID 1e[o], Judsaidar A[oyI[ 1sow pue B[nSUIUd 9[[ezen) ay) ur [nqey Jeau sjsod
Surpen; WoIy pajod[od aIom SuaWIodds Sy, "] [§] UI UOSUDIeJ Y AQ PAIOS[[00 2IoMm UT[IE UT
350U} pue (OO Ul 19[sseq "y £qQ P1O9[[00 1M UIPSAI(] U UTeILIg MIN WOoIJ sudwroads oy,

umouy Jou are suowrdads 9say) JO SAIEP 108X Y], ‘SPUB[S] UOWO[OS Y} UI SUOIIBIO]
Ioy30 pue ‘(£) pue[s] [BQOISLID) UES ‘(6) Teuedepens) ‘(G) BI3I090D) MON WOIJ AIe BIUBID)
umouy Jou are suowroads

959U JO $IEP 108X AL, 716 Ul 19s1adg X194 AQ PAlo[0d d1om [9seg Ul BIURID Y],
RN EN |

£NVS
T-9INO ‘8E-ANN ‘I-SIWIN ‘€-SIV ‘¥-VIV

0€-9INO *€-SVA ‘1¢-SIWV

I7-Svd ‘12-SIWV

TT-INVA 6€-VIV

0s-d4d4d
8y-d4d4d

L-9NL ‘01-10D *c€-3dd

S1-4N.L *9-VHD ‘6-L0D 0T-34d

1-4N1 ‘9-INVS ‘1-9N0O
‘S1-LOD ‘81-4¥d 9-N1d ‘T-9d9 “v-SIWV

0¢€-9¥d *0T"VHD

1-LOD

PI-Svd ‘01-Svd

91-SINV ‘€-dINO ‘T-AAN ‘-39 ‘¢-39d

0r-SVd ‘T-SINV ‘7-INVS

0S

125

9

0S

0S

14

0s

0S

1Y

0S

(1%

or

RIUBI) JO IQUINN PUE (UOIBOOT  BIUEI)

Jo oN

(IN) Aroruag,
WISYLON “¥¢
(@10
puersuaan) ‘€7
(MSND serem
Inog MaN "CC

(I
d Aexmy “17
DIUDWUSD [ [D1]DAISNY

Nd
e eind "0g
Ccla
pue[s] yerd ‘61

(dds) g Midas 81
paUIML MaN
(4av) spuels|
Ayerwpy L]

(IN)
pue[aI] MON 9

(49N)
urejIg MaN ‘ST

(109)

Spue[S] UOWO[OS “$]
(JDS) spuersy

Zni) ejues ‘¢|
L(A21qqe)

QWEN SIS

(panupuod) | 3djqel ‘AbojoaisQ uewnH pue Abojoaeydieolg ul duelsiqg |ed1bojoig



895

Biological Distance in Bioarchaeology and Human Osteology

(panunuod)
WEBUIRIA
90UIAOI{ SURISUY UIISIM UT 9FR[[IA ONYdeg Ul AIDLSSBW 9FN0Y QWYY §/.6] U3 JO SWIIOIA
K1) quIA 14D OH pue (K1930wo)) usI(] UeA) IOUBH WOIJ BIURID UISPOW JBIN

umouy Jou are suawoads 9say) JO sajep 108X Y, ‘PUR[S] UOZNT WOIJ dIe SUIWIOAdS JSOI
umouy Jou are susuoads
35 JO SAIEBP 108X YL, "006 ] O A9Y-OUBIUOIA Aq PIJOS[[0D 2IoMm SLIBJ UI suawoads oy ],

umouy Jou oIe suowroads 9say) Jo Sejep JoexX

QUL "SpPUR[S] SEOIN[OJA UISYINOS A} JO Spue[s] (L]) ning pue (84) WeIdS WOl oIk BIUBL)
‘uMOUY JOU dJe SuaWdads 25aYy) JO SAJEp JoBXD Y],

"SPUB]S] BPUNS 19SSIT 9y} JO SPUB[S] () NI Pue () 183 “(€1) Tequuitue[, (1) Ieqied ‘(y) 1]
() e “(11) Jown, (7) Jo1V () woquio (1) Bquing “(6) SAIOL “(€1) e woxy elues)
umouy jou ore

suawroads 9say) JO sajep 108X A [, 'SUSWIOAdS 959} JO UL JOJ UMOUY ST UOTJBIO] JOBXS Uy
umouy 10U aIe suduwIodds a3} JO SaYep 19BXI AU L, ‘SUOIIBIOIIP JJeIOqe[d

QARY QWOS ‘saqLy) YeAe( Sunuasaidar se pejedrpur are suewroads oy jo Auew JeaIs v
umouy Jou aIe suauroads

953} JO SAJeP J1OBXS AL, "BAB[ UI SONI[BIO] JUIQJJIP [BIOAS UWIOIJ PAJOI[0D 2IoMm BIUBID)
umouy 10U 9Je SuaUIoads 9oy} JO Sojep J0BX9 YL, "UMOUY JOU oIk eIeWng

JO pue[sI o) UIIM Suonedo] oyroads  ‘Yened,, pareuSIsop aIe yoLnyz ur suouroads oy,

ouowey) (1gS1-21d) ouoystyard juasardax
suowoads asay) Jo Ajofew oy, ‘weno ‘Aeg uownJ, ‘qoeog uown], uoe [9)SoqUIOH
sueH £q SOZ61 AU} Ul PAJo[[0 SAINIONIIS 2170] M PAJBIJOSSE BIURID oL1owey)) ysiuedg-a1g

umouy

10U oJe suawIoads 9saY) JO Sojep JoBX? AU, "SouISLoqy Ueluewse ], Juaesaidar eruerdo oy,
umouy J0U oJe suauoads asay) Jo Sejep Joexd Y], "BI[ENSNY UIAISOA JO SUOISAI (6)
UIOYINOS PUE ‘(4]) UIAYIOU ‘() WIS ‘() [BNUD WOIJ BIURID [BUISLIOQY URI[RNSNY
uMOUY Jou e Suawdads 259y} Jo sAJep 198X YL, ([ Z:€L6] SI[OMOH) el[ensny

yInog ur oprrg Aermjy oy jo jseanos wy (] Ajereuwnrxordde pejeoo] A10jowrad Teurduoqe
ue woly [16] Ul 23197 Y "J AQq P199[[00 d1om SUWIdAds d [, "UISeq JOATY ARLINJA] JOMO]
Q) UT SoqLI) 9P[eMOIOY-IJIe A\ PUR peyop]LIe [, oy} Sunjuesardar eruerd [eurSioqy uerensny

1s-Ovd

67-INDOH

61-9¥d ‘6-¥d9

LE-9Vd ‘T-dHT

L1-99d ‘8y-3¥d

L-¥NZ *9-¥Vd *1-dd]
PC-HAd *1-VHD ‘TN *S1-9d9 *6-Svd

8-4Vd ‘S-dd7T ‘L-T¥d “+-Hdd ‘01-¥dd ‘L-SVE

C1-¥Vd ‘8-dd1 ‘-394 ‘9-3¥d ‘T-d¥9 ‘¢-9dd

L-4Vd ‘¥T-ddT 1-34d 6-VHD 8-N1d *1-9d9

ST-ANZ *€-4Vd *p-dd1:$-Hdd *1-999 ‘1-944d

¥-4vd ‘Ty-dddg

I-ANN “TINVS ‘1-VHD ‘TT-IWHL

LYy-INVM

9¢-INVS

Qv
IS “93e[[IA onyoeq "g¢
6t  (NLA) Weuarp "L¢
DISY ISDIYIN0S puvjuin
(THD)
8T sourddriyg "9¢

8¢ (1nS) nins "g¢

(TINS)

mﬁﬁﬁmm m.moo_:oz

S9 uIayINog ‘¢
(NSD

mﬁcﬁmH

19 epuNng I9ssa7 "¢¢

I (MTIS) Isemens z¢
€ (JO9) osuwiog ‘¢
0S (AVI) vARf "0
6¢  (WNS) euewng "67
DISY ISDIYINOS puvjsy

9  (VND) wenn ‘g
DISIUOLDT ]

97 (SV.L) eluewse], /g

(V) erensny
Ly WIDSIM 9T

(SVS)
9¢ V'S ‘Woduems ‘G



Biological Distance in Bioarchaeology and Human Osteology

896

6L61 PUB 861 U2am)aq SUO FUOH Ul PAIp oym s[enpiarpur judsardar suowroadg
Q0UTAOI{ UBNYDIS

‘Kyuno) SuoyzI ‘Ueysa] WOIJ AJe BIUBID UD T, "BUIYD) UI)SIM UI 9OUTAOIJ UBNYDIS ‘NnpSuay)
woij are pue (116T—#H91 D) Liseukq Surd) ay) 03 jep suawroads asay) Jo Arofew v
BUIYD) UISISBI “QOUTAOI]

ns3uer( ‘JurfueN Jo A1 UISPOW A} WOIJ PAWNYXS BIURID UIIPOW JeaU sJuasaldar sarios oy,
rey3ueyS UT SaLI0JoWd (1161-1s0d) Surd)-1sod woiy Apysowr are suawroads ayJ,

(1) puels] UnSeuo X pue ‘() pues|
e3IYST {(7) pue[S] SI0WOLI] ‘(1) ONBATIA ‘(7) PUB[S] BWNIdRH :SPUR[S] NANNAY UIAYINOS )
Jo dnoin ewysyes oy ur spuefst ojeredas oAy woly are sudwioads [ (1) ofeAIH pue (£1)

TYoJIe X :PUB[S] BMEBUDQ JO 1SOM POJed0] PUR[SI UE ‘PUB[S] SWINY] UO SUONEIO] JUSIJJIP

oMm] woij are suawroads Jg ‘spuels] nAYnky [enusd s ur dnoin emeuni Y} Jo yuou
Pa1eO0] SPUB[S] TWEWY Y} JO PUB[S] BWIYSOUNYO], WOIJ oI¢ BIUBIO UIOPOW Jedu UySIg
OPIEYYOH UI SQLI0J)

nury pauopueqe Woly 6888881 Ul 1oueS03] Aq POI[[0I SUOIOAYS UIOPOW Jeau 0} UISPOJA]
sanjoojaid Sururofpe pue ryesedeN ‘e3es ‘Iyonewre § wWolj aIe suowrddds

IoU)Q "puR[S] NYSNAY UT 2INJ09Ja1 BYOn,] WOoIy A[ISOW ALIOP Yorym ‘asduede[ UISPOIA
pUB[S] nysSuoy

UISYIIOU UT JOLISIJ NYOYO [, 33 woij asoueder uropou o suowroads woor Sunoessiq

0¥61 210J2q [[om palp

pue (1161-8981) porrad oAl 9y SuLINp UI0q 1M S[ENPIAIPUI oY) JO AJLIofew Y ], “NySUOH
UI9ISed JO JOLISIJ 0Juey oY) woij asaueder uropow jo uonendod woor Surodssip Y

umouy jou are suswroads

953y} JO saTep 10BXA A, "006] O Porep anSofered B ur paquIosap ‘(ewng) JEWURAA
‘KerepueAl Ul paJoa[[09 S[[NYS JO (GTT—E6 "SON '1BD) SILIAS B WOIJ 2Ie YOLINZ Ul BIURID U,
yoy3ueqg WOIj $asBD W00l 3unodssip Juasardar suawrdads ay) Jo ISON

‘umouy Jou dre suawrdads 959y} Jo SAJEP 198X AL, ‘076 PUB LL]] UIIMIQ

Pa109[[00 SOET puE BIPOqUIE)) UI SUOTJEO0] SNOLIBA WOIJ BIULID Jo o[dures pauIquod y

RN

0S-N>H

€7-HHD ‘01-VHS

6v-VHS
0S-VHS

8-OML ‘S-NAM ‘8-NAY ‘1T-NV ‘81-OAN

LT-OML *S-INML ‘81-dVS

I1S-NAM

€6-NdS

0S-dHD

91-4NZ
0S-dIS

0r-4vd

0s

€S

6
0s

09

0S

5%

€S

0S

91
0s

or

BIUBL) JO JQUINN PUE (UOIEOOT]  BIUEL)

JO 'ON

OIH)
Suoy] Juoy "¢

(@HD) np3uay) “6¥

(fyN) SurlueN g
(VHS) reysueys Ly
DISY “q'N pup vuiy)

(NAY
spue[s] nAYn&y ‘9¢

(NIV) nury Gy
(NASD nysnky v

(HOL) mjoyoy, ‘¢f

(NVD) owey] ‘i
ueder 1Sy 1507

(N9 ewung ‘14
(IHL) puefrey, ‘0t
(TIND) soe]

2 eIpoquIR)) "¢

J(A21qqe)
QuIeN SOLIdS

(panunuod) | 3jqel ‘AbojoarsQ uewnH pue Abojoaeydieolg ul duelsiqg |ed1bojoig



897

Biological Distance in Bioarchaeology and Human Osteology

AueuLIon) ‘YoLny ‘YoLmny JeISIoAIu)
Qmnsuy soyosidojodoryuy N7 Pue[edz MmN ‘UOISUI[[OAN ‘PUB[EIZ MOIN JO WNISNJA [BUONEN “THA ‘BI[BISNY ‘UYHoJ ‘WNISNJA UBI[ENSNY UIASIM NV ‘Aueuiion
‘uaduiqn ], ‘uaduiqn ], 18ISIOAIU) ‘Yrouaduewny n d13ojodoryiuy Iny 1mnsuy ‘gL ‘uemre], ‘rodie], ‘SueyueN ‘BorUlg erwopeoy ‘gd, ‘ueder ‘0ANOJ, ‘0AYO], JO AJISIOATUN
‘wnasniy AsIoatun) ‘O3LL ‘ueder ‘0AYo], ‘0AYO], Jo AJSIOATUN) ‘WINASNIA AJISIOATU() ‘WNISNIA [BIIPIN ‘IASLL ‘BI[enNsNyY ‘UeqoH ‘AI9[[eD) Iy pue WNISNA ueruewse], ‘NHL
‘puerrey], “yoySuegq ‘Tendsoy lerng ‘Aworeuy jo 1do YIS V'S0 D'  ‘U0ISUIYSEA\ ‘UOMNISU] UBTUOSYIIWS ‘AIOISTH [eInjeN JO Wnasnjy [euoneN ‘IS ‘eury) ‘reysueys
‘AYISIOATU() UBPN,] ‘SQOURIDS 9JIT JO 9397[0)) ‘ASojodoayjuy jo aymnsu] ‘YHS ‘ueder ‘repuag ‘AJISIOATUN NYOYO], ‘QUIDIPIIA JO [ooyds ‘Aworeuy jo ‘1do ‘NHS ‘ueder ‘oroddeg
039110 [eo1poJN oroddeg ‘Aworeuy jo 1do ‘dVS ‘elensny ‘Ople[opy ‘WNISNJA UBI[eNSNY YInoS ‘NVS ‘ueder ‘puels] emeunyO ‘eyeN ‘SnAnAY oyl Jo ANSIoAtun ‘NAY
‘el[ensny ‘oueqsig ‘wnasnjy pue[suaan() ‘gINQ Qoueld ‘sLied ‘QWWOH, [ 9P 99SNIA “YVd ‘Pueeaz maN ‘03e1Q ‘AI19[[eD) 11y pue wnasnjy 03e10 ‘ALLO ‘BI[eHSNY ‘QUINOq[IN
‘BLIOJJTA JO WINASNIA [RUOTIEN ‘AJAIN ‘BI[BNSNY ‘AQUPAS ‘AUpAS Jo AJISIQATUN) ‘WINASNIA ABI[ORIA ‘SINIA ‘AuBULIDD) ‘B1Zd1o7T “JBIISIOATU( XIBIA [1e ‘INNSU] SOUOSTWoleuy ‘dq T
‘ueder ‘exjonyny ‘AJISIOATUN) NYSNAY ‘QUIDIPIIA JO ANk, ‘Aworeuy jo 1do ‘NAY ‘ueder ‘010AY ‘AIISI0ATUN) 0JOAY ‘Q0UaI0g Jo AJnoe, ‘A10jeroqe] A3ojodorypuy [ed1sAyd
‘OAY ‘ueder ‘emeunyQ ‘monsn3ouey| ‘UOISIAL( [eINI[N)) UONEINPH JO pIeoq ‘Wooy 25elolg nynsnIouey NV :Suoy] Suoy ‘Suoy SuoH jo ANsIoarun ‘NMH V'S ‘T,lemey
“mejq ‘enyeyouoH ‘NOH ‘WeN 191A ‘A1) YUIN 14D O ‘QUIdIPIA JO AInded ‘NDH ‘Aueuion ‘ua3union ‘uaurion jeisioarun ‘ardojodonpuy ny imnsuf ‘OO ¢ Aueurron
‘nedstorg wi 3inqraiq ‘3Inqraiyg 1eisivaluf) ‘srsojodoyiuy pun yrousuewing Ing Imnsu ‘Y ‘AUBUWLION ‘USPsAI ‘OPUMIDY[QA INJ WNISNA ‘Y PUL[BIZ MIN ‘uipaung
‘0310 Jo AJsIoATU) ‘Awojeuy jo “1do ‘NN ‘BIfensny ‘AsupAs ‘AoupAs jo AJsIoAtun ‘Awojeuy jo “3do( ‘SY(J ‘BI[eNsSNY ‘QUINOQON ‘QUINOQIIA JO AJISIoATU() ‘Awojeuy JO
1do NV ‘eury) ‘npSuay) ‘QUIDIPIJA IseUIy)) [euonIpel], Jo 339110 np3uay)) ‘Awoleuy jo ‘1doq ‘GHD ‘ueder ‘€quyD) ‘QUIDIPIIA JO [00YOS AJISIOAIUN) BQIYD) ‘GHD ‘AuBuLIon
‘UIIeg “IBIISIOAIUN JP[OqQUINY ‘QUTEYD) 9P IMNSU] SAYISTWOIRUY ‘VHD {PUL[BIZ MIN ‘YoINYOISLIY) ‘WNISNIA AINqIdjue)) ‘NYD ‘AUBULIdN ‘UdWRIg ‘WNAsnA 99s-1q) “Tdg
¢y’ ‘nnjouoy] ‘wmasniy doysig ‘d g ‘gdq ‘AUewLIDn ‘USSUNIQD ‘USSUNIQD JBIISISATUN “IMISU] SIYOSTWOIRUY ‘(Iq AURULISD ‘UI[Iag ‘OpUnInieN Inj wnosnjy “ygq
{PUBLIOZIIMS ‘[oSe{ ‘WINSN]A SOYISLIOSTYINIEN ‘SV{ {WeUIAIA ‘9ourroid Suerduy ‘93e[[IA onyoeq OV ‘Pue[EdZ MON ‘PUBPIONY ‘PUBTONY JO AJSIOATU() ‘S[NV ‘eI[RISNY
‘AoupAg ‘wmasnjy uerensny oy, ‘SWV ‘elfensny ‘eueque) ‘Awojeuy Jo Amusul UBI[ENSNY Y[V PUB[EdZ MON ‘PUE[ONY ‘WNSSNA pue a)mpusu] PUBPPNY NIV, «

CE61 Ul Djeseues]
03ye ], £q PJO9[[09 1M SUSWIAdS YT, "OFET U JUSIPIOUT SYSNAN Y} UT UTR[S [eAeIY

QIe suewoads Ay, "UeMIe], Ul 9qLy) [eUISLIOqY SUIAIAINS }S9ZIR] PUOJAS dY) Ik [eARIY QU] 1-OM.L ‘L-INLL ‘87-9dd.L o¢ (ALY) 1eAe1Y "9¢
TI6T Ul eMPIH 'V Aq (Do)

paseyoind a1om pue eI[OTUOIN ‘(B3I[)) JejeRqUER[() WOIJ SUTWOD SB PAYIIUIPI oI S[[NS Y], 0S-INIS 0S BI[OSUOIN ‘GG
suowoads UIOpOW Jeau 9say) JO ISOU J0J UMOUY Ie BAIOY UI SUOTEIO] dy1oadg 0Z-O3LL ‘T-INLL “€-NdS ‘L-OAM € (O) ©aI10Y ‘H§

gD AINjuad yig 91e[ 2y} UI 9)jeq Ul
PIIP OYM ‘USWAI[BALD IO ‘SIQIP[OS S PAYNUIPI I sudwroads 2say) Jo Auewr 18aIs y 8I0Y]

UIOUIIOU Judde[pe pue sedurAoid urflf pue Suelr(Suo[Iol sepnjour Aepo} yorym , ‘BLINYIUBIA],, (NVIN)

Se 0] palIdJal A[IOULIO) UOISAI AU) 10 BUIYD) UI2)SBAYLIOU WOI) ATk sudwiroads ay) Jo Auejy 0S-O3L.L 0S BLINYOURIA "€G
pue[s] ueureq uo A1)

NOYIEH UI Iyoseuey] 0aye], £q PAJBABOXA Sem [eLIaJew SIY T, “gD g 007 PUNOIe pue[s] UeUTeF] (IVH)

0] BUIYD) JO UOIZAI UojuR) Y} WoIy JuNeISTW Ue3aq SI0JSAIUL SOYM ISIUIYD) UISPOUW JBIN Ly-AdL LY pue[s[ ueureH ‘zg
BUIYD) JO pUBUTRW Y} UO SIOUTAOI] SuopIuenn)

pue uerln,] 03 SUISLIO AJBIPIWWI DY) d9BI) OYM UBMIR], UI SUIAT] 9SAUIYD) UISPOJA[ Ly-AdL LY (IVL) uemie], "1



898

MONGOLIA
65

MANCHURIA e
JAPAN
42-45
4
3
3
UKYU'l§.
‘ L
M .
3
2
SGUAM 28 .
. e
R O
CAMBODIA ¢ S . 9,_33

S. MQLU&CAS

3. 13SANTA"

T L YA .,
SUL §3|~ ADMIRALTY IS, * . .
o s, NEWIRELAND « . ™, .
SUMATRA > "%1%. $14SOLOMON . & ¥ .
J/-\V?s

Biological Distance in Bioarchaeology and Human Osteology

NORTH
AMERICA

o HAWA“AN ISLANDS
&Q'b3

.4 MARQUESAS IS.

NEWR, arcpuz Is. - s .l:\/IOA" + "SOCIETYIs. ‘&
L. SUNDAS IS, 7 BRITAIN  +; "\ anUaTue * SAMO 7
33 15 NEw 4§10 . 3 4, Tyt ~* 8 TUAMOTU ARCH.
OFIJI 1S, .4 ls ‘;..-.

AUSTRALIA
21-26

Q
Clasmania
27

0

°

Biological Distance in Bioarchaeology and Human
Osteology, Fig. 1 Map showing the approximate
locations of the 56 cranial samples used in the example

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
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(This figure, reproduced here courtesy of Etty Indriati, was
originally published in Pietrusewsky (2008b))

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. 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))

Canonical Variate 2

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
Mabhalanobis’ 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,

1 0 1 2 3 4
Canonical Variate 1

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,
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Biological Distance in Bioarchaeology and Human
Osteology, Fig. 3 Dendrogram (or diagram of relation-
ship) that results from applying the UPGMA clustering
algorithm to Mahalanobis’ distances using 27 cranial

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 a more northern
origin during Neolithic times.

measurements recorded in 56 male groups (This figure,
reproduced here courtesy of Etty Indriati, was originally
published as Fig. 4 in Pietrusewsky (2008b))

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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