SIZE VARIATION AND BODY PROPORTIONS IN AN ISOLATED HOLOCENE-
AGED POPULATION OF HOMINIDS FROM PALAU, MICRONESIA AND ITS
IMPACT ON OUR UNDERSTANDING OF VARIATION IN EXTINCT
HOMINIDS.
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CHAPTER 1: INTRODUCTION

/ 0 # )#
E "5F0 ; "50B , %&&&! %&&& et al. %&&" -
%8898
0 /1D D "5FA L E "5F@ ™ "50A
; "5@B , %&&&! %&&& et al. %&&" . %&&%8S -
#H# § # 0
1 ) #12E "55% . "55" "553 %h&&& %&&%
%&&B et al$ %&&385 - #
Homo erectus § 0
## #K
D D "S5FALE "5F0 ™ "50A , ; %&&&8L
0
# # #§- # 0
# ## H. sapiens
0
- v #
# # 0 #
§
( %&&C %&&F H. sapiens
> "
# 1 et al. %&&@ 8§ 0 0
/ %&&B / et
al$ %&&C 0# %e&" %&&% %&&A  %&&E@8S — #

%@



§
# 6 ? 6
# 7 et al. %&&@ 8 2 ' "30&
%@58 4 * 7 # 8
) § 2
37 A& 4 ™
7 et al. %&&@81 # $
" / ( 2 §- #
AB&, 7 0# . 1&&BBS — "B&
< %B # TE ./ "550
. "55F / , O 0&&FBS —
! C&& "oty < = v
$
" 4 .
5 . # 7
%&&% , %&&38 # "7
%&&F8 0 # ) 3B&& 4 " K(
0 # # #
M # # #
07/  etal %8&C8LS E )
AA&&:A38&
2 . # o #
#§- ! " 7

O# %&&%8

%5



# )

/

9 8 /

"FOA 1/

et al. "55@! ; et al$"55@8%
" # # # "
I %&&"1 / , O# %&&F8S —
" 3%& %@5& 4 "7 2
et al. %&&@ 8 #
§
# 0
# 2 §
i/ . O# %&&F8
., O# %&&F8S — #
I #
, O# 1%&&F8 # )
# # # 2
> #
, O# %&&F8S > # #
" i/ , O# %&&F8S >
"F@A
/ 0# 1%&&F8
" #
tO#H - #
##
Y H# / , 0# %&&F8S (
7 8 =
"8 2 # #

A&

#H#

#

)



) 4 . o#
/ , O# T&&F8
BPS # K= ey
& BC W . O# 1&.&FBLS
; " #
" s
I 9 . y
1E&F8S — ” 4 4
)
()
ge 0
0 #
H "55C85 ? 0
I
# 7 et al. "55F8 —
# ! 7 8
0 7 . = 0 5001 " 5508
$—
## 1 *5001 "55F "5AL .
" 5508 4y
THE.&&S 0
$ -

Al

%&&F88

"5@5! .

$

7

§% "P:

0#

##

0

"55%1



# # 0
) 7. "55%! " 550! w&&&ss / # -
0 I "5FA8
07 5538
0 ## 7 et als
%&&F88
## ! # ## §
? #
M Q7§58 8
# 0 TResource

limitation Breeding strategies, Predation, Species Isolation Genetics Thermoregulation

Life history);” 0 #
# # #
7. "5BAl . "5531 0 0 ; " 55088
" Resource limitation 7D D "5F& et al$ %&&38
Breeding strategies 7 ” "55C " %&&@8
Predation 7; %&&B - ., 2 %&&C8
Species Richness 7 ” "55@ et al. %&&"8
Isolation 7 etal. "5F5 / > - # "5@38
Genetics 7 et al. %&&% ** ” %&&58 Thermoregulation 7 ” %&&58
Life history 72 et al. %&&F et al. %&&C8

A%



## ( "# < = 2 -
( "o 12 et al. %&&Fss #
# # ! ##
0
# #§" ##
BB 1/ X 0 "5@C " 5&B8S
§ = #
# # 2
/ "5F@8 # # g #
9 # ## 1 "5FC8
= "5FBl "5FF8 ™ # #
# O# # ## 2 /
"5F@ ™ » %&&585 ?
0 # #
2 >/ "5F@8%
0 - #
7 et al. %&&38 - # 0
# # # 7 et al.
%&&38% 4 1%&&F8 # ) # R
01 H. floresiensis ) # #
Homo ) # §- #



H. floresiensis # 0

#
2 et al. "55@8 (
#
8 #
0 7 8
55388
0
0
Homo, H. erectus
%&&58%
##
# § -
0 §7?
%&&&85 >1
7. "5538 #
# § - #
0§ (
## 0 #
$ >
# 0§72

et al. "55089

7

##

##

#H#

A3

0

8§72 E

0§

"55%1 .

$(

2 E

0

7.



# 0 72 et al.%&&@8% —

" #
§
! §
"% (
( 7 # 8§ #
0 7 "5C38 - H#
## 0 #
D D "5F& "5FA  "5FA 8 ?
# § - ) #
§ - MoQ  m Q
# 0 < *55"8
- 0
07 "5C3 "5CBLD D "5F& "SFA  "5FA 1
"5FFL E "5F@8 : #
1 "5C3 D D "5FA ; "5@B8s - #
#
§ - ) #
™ "55C8 # 0 §- #
H "55C88

AB



7

1.2.1 Process of island dwarfing

#
# ) # #
M $Q
o # M 0
TE 9 "5B&l 2 "5F3l1
/ "5F@ss - M #
§
# limited resources
§
# !
#
# # § Breeding strategies
0 §
§ ) #
§
#
$ >
0 7 et al. "5F58 0
# # predation 7. "5CI D D "5FA  "5FA 8
# #
"5FAS ( #

AC



0 § -
# 9 7. , 2 %&&C8S ;
7"5@58 0
§
species richness$
# # 1 »
"55@88 # # #
0 7 » "5CCl "5FF8 0
# 1 et al. %&&A8S
( 7"55%8 #
§—
0 # E
"5FQ!1 ; "5@B! . "55%I1 et al. %&&"8%
( #
7 "5F585 - " #
0 #
# # 5 ( R 0 #
# # 2 "5CA8§ - §- # 7"508&8
0 #
! # §
> #
- # "50&8 - #

AF



##

##

##

§§

[ "50F85 -

##

7

# #

## 0

) 75

%&&F85

13

/

2

> — #

0

"5038% (

##H

"5@%! -

##

[ "50F88

> 2 %&&C8 ?

et al§ %&&@8s

2

et al. %&& @85

1.2.2 Examples of insular dwarfs from the fossil record.

##



- "B& E
( . 7 et al. %&"&8 = = § - )
0 # § -
M 0 #
M §
-/ ( 2 TMammuthus exilis8
"$%: " 9@ # . /
/ ( § .
"7 8 ( 7 *5F@8% (
) "B&&:"F&& /$ #
# 0
# 5 - ) ) # (
07 "5C3 D D "5FA ; *5@B8§ #
! 0 7. *55&8
# 2 ( 7. et al. %&&A8
# / 7.
"55%1 D et al. "55A8 Elephas falconeri 2
2 5&
Elephas namadicus 72 4 "5F@8 # #
"38 7. etal %&&ASS — )
# § -
# 7§§ 8
YH## - I "55°1 et al§ %&&3L ,
2 et al. "55@8%

AS



Y HE

"55F8§

(

floresiensis

##

0§

# #

YOHE

#H

Homo

"5FC8 =

"5@%85 —

#

8 ?

#

1=

) =

" 5FB8S

3&

1%&&F8

et al. 7%&&38

##

2

Homo



2

./

./

"5F@8s

"5F@85 2 >/ 7" 5F@8 #
## 6
# % -
# 0
0§7?
0 #
2



"A

)

%&&"1  O# , <

0§

et al. %&&F8% —

7" 5F@8
7§ $ #

8

) 0
" 2
0
#
)Ii;
#
##
## "
#
##
0 #

(1] #

3%

#
## §

H. sapiens.

##

" 38&:%5884

07 0O#

##H



0#

Y HE

0§

et al. 7%&&08

0 §¢(
4 # #
# )
#$
0
#
) # #
# #
SE et al. T%&&C8
< 2 ¢
§ (
# #

7 O#

%&&%  %&&A 8

0# et al. %&&@8%

7

#H

3A

et al$ 7%&&0 8

HH

%&&F8S

§— #

##

##

##

##



)i

##

%&& @83

##

$(

[

1] #

# # 8 ( "
## § 2
## K 1 et al. %&&B8L
" # §( 0# et al. 7%&&@8
# 0 SE
# #§
# H. floresiensis
# # § -
" # o #
0
## "
##
< § - #
§
#
# #
# # )
,» 2 %&&C8 ?
# 0
##
## 0

33

2

# 5 (

et al.



2

"§3

141

7?

*55@85 -

et al. %&&08$

Geology

AB&

ACA

%&&C8 #

2 et al. "5BC§$ -

. /

"55@8§

"7

/ ( 2
%&&B8
3BE "

» *55F85 -

[ #

(1] #

>/ *55@88

E

3B

E

)

"55F8 (
#
./
§
)W

AB&

/ "55@

E



) %30% 7 ] "55F85 -
#
7 0# ’ %&&B8S
2 I » "55F8 "
7 et al. %&&%8s —
TE 4 "55085 < # #
§ - # #
7 0# » %&&B8S — #
"& "&& 2 et al. "5BC8S - #
1
%88 — &$B c 712 et al. "5BC8§ >
B&:"&& %&&
7 0# » %&&BB8S
- # #
#
7 0# » %&&B8S # ) #
( < ( #
17?2 %&&C8S ?
7 ABS

3C



f
MAINLAND

WESTERN AUSTRONESIAN
SOUTH /EAST £
o3a
e ""';.""I-u.__
MARTRNA s T o
M ,r T J  HE L
F ' ' HLANDS
HILFHER .: K ﬂ C E A H I A HJ '.'ﬁ.
Qflsians /7 - S "‘~.
'
f % ¢ MICRONESA i ’ N
£, VARERALAL |
MRLAY A = ST ISLARCE ¥ x
o T Tl T / .
FBLARGE  CARDLIME ISLAKD 3, ! .
R J .
L = GILBEET
BREMED ! MELAHESIA X ’ o \1
N ) L i POLYNESIA \
FLEOES 'l-'. . -3 KEWI IRELAKD % £ :
b 8 . :
rl 43 BOLORGN : \\
TRITRK " ‘u-:'“u g, o MAROUESRS

MaDEJABCAR

-
ERKETER ISLAKND

Figure 1: Map of Oceania showing the collections of islands that make up Polynesia, Micronesia, Melanesia and the South East Asian islands. The dashed lines
indicated the separation between these various regions. Palau is situated approximately 600km east of the Philippines and 600km north of New Guinea (map
adapted from Bellwood 1975).
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Figure 2: A rock island from Palau, Micronesia. In this image you can see the eroded nature of the
karstic terrain, the dissolution notch that gives the island its characteristic shape and the dense
vegetation that grows on these rock islands.

Figure 3: Map of Palau indicating the position of the Rock Islands to the south and southwest of the
large island of Babeldaob. The caves discussed in this study are found on western and eastern edges of
the Rock Islands. All samples collected from the sites are curated at the Belau National Museum.
(Taken from Berger . 2008a)
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1.4.3 Peopling of Oceania
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1.5.5 Ucheliungs Cave
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Figure 4: Line drawing of Ucheliungs cave, showing the original positions of collected specimens (taken
from Berger et al. 2008a).
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Figure 5: Image showing the floor of bone cave and how the fragments found in the cave were
scattered on the cave floor.
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Figure 6: Line drawing of Omedokel Cave. 100 and 101 indicate positions where fossils were collected
for this study (adapted from Berger et al. 2008a).
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CHAPTER 2: MATERIALS AND METHODS
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Table 1: Summary of the measurable postcranial specimens collected from Palau, Micronesia. More
measureable specimens were collected from Omedokel cave. The specimens collected from Ucheliung
are from the geological excavation pit.

Long bone total

Humerus
Radius
Femur
Tibia
Fibula
Ulna

Pelvis fraiments

Long bone total 23
Humerus
Radius
Femur
Tibia
Fibula
Ulna
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Pelvis fragments
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The Dart Collection

Table 2: Summary of the elements collected and measured from Ucheliung (B: OR-14:8) and

Omedokel (B: OR-15:18) caves. All specimens in this list are incomplete.

B: OR-14:8-1081 B: OR-15:18-013
B: OR-14:8-891 Femur B: OR-15:18-089
B: OR-15:18-014 B: OR-15:18-035
B: OR-15:18-015 B: OR-14:8-011
B: OR-15:18-088 B: OR-14:8-003
Humerus
B: OR-15:18-054 B: OR-14:8-043
B: OR-15:18-024 Tibia B: OR-15:18-040
B: OR-15:18-045
B: OR-15:18-046
B: OR-15:18-021
B: OR-15:18-031 B: OR-14:8-049
Ulna B: OR-15:18-049 B: OR-14:8-051
B: OR-15:18-047 B: OR-15:18-020
B: OR-15:18-027 Fibula B: OR-15:18-028
B: OR-14:8-022 B: OR-15:18-048
Radius B: OR-15:18-044 B: OR-15:18-043
B: OR-15:18-016
B: OR-15:18-009
Os coxa
B: OR-15:18-087

Table 3: Summary of the postcranial sample from the Dart Collection listed by group.

[ Dart Collection [ European [ hoisan | Towana | zulu ]

Humerus / 9 / /
Os coxa / 11 / 9
Femur 121 27 / 90
Tibia / 10 / /
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The American Museum of Natural History (AMNH)
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Table 4: Specimen list of individuals measured at the AMNH collection.
AMNH Group Sex Humerus | Radius | Ulna | Femur | Tibia | Fibula
Pygmy

99/7189 Congo Male Y Y Y Y Y Y

99/8428 KhoiSan Male Y Y Y Y Y Y

99/8429 KhoiSan Female Y Y Y Y Y Y

99/8433 KhoiSan Male Y Y Y Y Y Y

99/8434 KhoiSan Female Y N N Y Y N

99/8436 Khoisan Female Y N N Y N N

99/8453 KhoiSan Female Y Y N N N N

99/8454 KhoiSan Female Y Y Y Y Y N

99/8455 KhoiSan Female Y N Y Y N N
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Table 5: Specimen list of specimens measured at the Duckworth collection. The elements measured are
listed for each individual, Y indicates presence of the element, and N indicates the absence of the
element.

%%T:;ﬁﬁg: Group Sex Humerus | Ulna | Radius | Femur | Tibia | Fibula
ANI-006 Andaman | Unknown N N N Y N N
ANI-021 Andaman | Unknown Y N N Y Y N
ANI-022 Andaman | female Y Y Y Y Y Y
ANI-035 Andaman | female Y Y Y Y Y Y
ANI-039 Andaman | female Y N Y Y N N
ANI-084 Nicobar Unknown N N N Y Y N
ANI-085 Nicobar Unknown N N N Y N N
ANI-086 Nicobar Unknown N N N Y N N
ANI-087 Nicobar Unknown N N N Y N N
ANI-088 Nicobar Unknown N N N Y N N
ANI-090 Nicobar Unknown N N N Y N N
ANI-091 Nicobar Unknown N N N Y N N
ANI-094 Nicobar Unknown Y N N N N N
ANI-095 Nicobar Unknown Y N N N N N
ANI-096 Nicobar Unknown Y N N N N N
ANI-099 Nicobar Unknown N N N N Y N
ANI-101 Nicobar Unknown N N N N Y N
ANI-102 Nicobar Unknown N N N N Y N
ANI-103 Nicobar Unknown N N N N Y N

# # $ - # # :
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British Museum of Natural History

Table 6: Specimen list of specimens measured at the British Museum of Natural History”* (BMNH)
collection. The elements measured are listed for each individual, Y indicates presence of the element,
and N indicates the absence of the element.

LNHM Sex Humerus | Ulna | Radius | Femur | Tibia | Fibula
1861.8.22.1 Male Y Y Y Y Y Y
1865.5.26.1 Male Y Y Y Y Y Y
1890.5.14.1 Female Y Y Y Y Y Y
PA PHR 2001/ RCS 8.0325 Male Y Y Y Y Y Y

C3



PA PHR 2003/ RCS 8.0327 Female Y Y Y Y Y Y
PA PHR 2005/ RCS 8.0330 Female Y Y Y Y Y Y
PA PHR 2006/ RCS 8.0331 Female Y Y Y Y Y Y
PA PHR 2007/ RCS 8.0305 Unknown Y Y Y Y Y Y
PA PHR 2014/ RCS 8.0324 | Male Y Y Y Y Y Y
PA PHR 2015/ RCS 8.0323 | Male Y Y Y Y Y Y
PA PHR 2017/ RCS 8.0307 Unknown Y Y Y Y Y Y
PA PHR 2021/ RCS 8.0306 | Unknown Y Y Y Y N Y
PA PHR 2025/ RCS 8.035 Male Y Y Y Y N Y
PA PHR 2027/ RCS 8.0328 | Female Y Y Y Y Y Y
PA PHR 2028/ RCS 8.0329 Female Y Y Y Y Y Y
PA PHR 2037/ RCS 8.0308 | Unknown Y N Y Y Y N
PA PHR 2040/ RCS 8.0321 | Male Y Y Y Y Y Y
PA PHR 2041/ RCS 8.0303 | Unknown Y Y Y Y Y N
PA PHR 2042/ RCS 8.0304 Unknown Y Y Y Y Y Y
PA PHR 2046/ RCS 8.0302 | Unknown Y Y Y Y Y Y
PA PHR 2049/ RCS 8.00.5 | Male Y Y Y Y Y Y
PA PHR 2050 / RCS 8.00.6 | Male Y Y Y Y Y Y
PA PHR 2052/ RCS 8.0301 Unknown Y Y Y Y Y Y
PA PHR 2054/ 1905.1125.3 | Female Y Y N Y Y N
PA PHR 2062/ IM 20/1 Male Y Y Y Y Y Y
PA PHR 2063/ IM 20/3 Female Y Y Y Y Y Y
PA PHR 2065/ IM 20/2 Female Y Y Y Y Y Y
PA PHR 2067/ IM 20/4 Male Y Y Y Y Y Y
PA PHR 2070/ RCS 8.00.1 | Male Y Y Y Y Y N
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Table 7: Summary of the total number of individuals used in this study. Each group has been
separated by postcranial element. This table was compiled using an online dataset (Brown 2001).
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The Belau National Museum
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Table 8: Summary of the measurable cranio dental specimens collected from Palau, Micronesia. The

specimens collected have been separated into the two localities sampled. Both localities are

contemporaneous.

Ucheliung cave specimens

Individual teeth

Cranial

Maxillae

Mandibles

W(N |-

Omedokel caves

Individual teeth

Cranial

Maxillae

Mandibles

~N|O (W

Table 9: The number of specimens found from two field seasons in Palau. Specimens from Omedokel
were collected from the surface and those from Ucheliung cave are from the surface and a test
excavation pit. Excavation levels are in spits of 10cm.

Element(s) Omedoke Excav Excav Excav Excav Excav Surface Unknown
| cave Level 1 | Level 2 Level 3 | Level4 | Level 5 Provenience
Cranium 0 9 6 8 10 4 4 27
Mandible 1 2 0 0 1 0 1
Dentition 45 34 19 8 12 4 3 3

Table 10: The number of individuals measured from the Dart collection and the groups they represent.
Data provided courtesy of Mirriam Tawane (2012).
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Table 11: Number of individuals used in this comparative sample, from Brown (2001). The data are an
indication of the maximum number of individuals sampled and do not represent the total number of
individuals in the Brown (2001) dataset. Teeth present for each individual varies.
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Table 12: The groups represented in the cranio-dental dataset and the number of cranial and
mandibular specimens from which data was used in this analysis.

E

Group Measurement N
Cranial material 138
European
Mandibular material 86
Cranial material 12
KhoiSan
Mandibular material 5
. Cranial material 96
Murray Valley Aboriginals
Mandibular material 86
Cranial material 37
Northern Chinese
Mandibular material 33
Cranial material 4
Palauan
Mandibular material
. Cranial material 52
Swanport Aboriginals
Mandibular material 33
Cranial material 66
Southern Chinese
Mandibular material 73
Cranial material 10
Tswana
Mandibular material 0
Cranial material 82
Zulu
Mandibular material 0
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Table 13: Measurements taken on the upper limb bones and a definition of each. The measurements
presented here are limited to those that were taken on the Palauan specimens.

Element | Measurement Description
Maximum length Maximum length to the distal trochlear flange
Midshaft maximum diameter Maximum diameter taken at the midshaft
Midshaft minimum diameter Minimum diameter of the midshaft
Head Anteroposterior (AP) Maximum diameter of the head in the anteroposterior direction
Diameter of the head.
% Hgad Superoinferior (SI) The superoinferior diameter of the head
5 diameter.
g Epicondylar breadth Maximum breadth measured across the epicondyles
I Distal articular breadth Ma)qmum distance across the medial trochlea to the lateral
capitulum
Olecranon fossa breadth Maximum breadth of the fossa in a transverse plane
Mesiodistal length of the Length of the trochlea taken mesiodistally
trochlea
Capitular S diameter Diameter of the capitulum taken from the superior to the inferior
surface
Maximum length Maximum length of the bone
. The diameter measured perpendicular to the dorso-volar
Transverse diameter diameter at the level of greatest crest development
Midshaft AP diameter Anteroposterior diameter taken at the midshaft
- Diameter taken from the base of the radial notch, to the top of
© Crest Height the olecranon.
c - —
3 Olecranon height Anteroposterior diameter of the olecranon process
Middle of the trochlear notch to the proximal point on the triceps
Olecranon length brachii tuberosity
Head breadth Mediolateral diameter of the head
Distal maximum depth Anteroposterior diameter of the distal epiphysis
Distal radial maximum length Maximum anteroposterior diameter of the radial facet
Carpal articular breadth Maximum mediolateral diameter of the articular surface
)
._g Maximum length Maximum length of the bone to the styloid process
IS
x Head AP diameter Maximum diameter in the anteroposterior diameter




Table 14: Measurements taken on the pelvis and lower limb bones as well a definition of each. The
measurements presented here are limited to those that were taken on the Palauan specimens.

Element Measurement Description
This is taken from the acetabular margin (immediately
adjacent to the middle of the anterior inferior iliac spine) to
Maximum acetabular diameter the most distant point on the inferior acetabular margin.
Measurement is taken on the internal edge of the
<>f<5 attachment of the articular capsule
3 -
© Transverse diameter of the Taken at right angle to the maximum acetabular diameter
8 acetabulum
lliac height Mid acetabular point on the superior margin of the
9 acetabular notch to the most distant point on the iliac crest.
P Maximum length taken directly around the anterior superior
Superior iliac breadth iliac spine and the posterior superior iliac spine.

. Distal plane of the condyles to the proximal head, measured
Bicondylar length perpendicular to the distal condylar plane.
Anteroposterior (AP) head Maximum anteroposterior diameter of the head articular
diameter surface
S_uperomferlor (SI) head Maximum vertical diameter of the head articular surface
diameter

o . . Minimum diameter of the neck measured perpendicular to
g Vertical neck diameter the neck axis and parallel to the anterior surface of the neck
(3 . . Minimum diameter of the neck measured perpendicular to
w ; )
Sagittal neck diameter the neck axis and the vertical neck.
Point of intersection of the neck and diaphyseal axes to the
Head and neck length furthest (proximo-medial) point on the head

- Maximum breadth across the external margins of the

Bicondylar breadth condylar subchondral bone.
Maximum breadth on the posterior aspect of the lateral
Lateral condyle breadth condyle subchondral bone.
. . Maximum anteroposterior diameter measured at the level of
Proximal AP diameter the proximal nutrient foramen
- . Maximum mediolateral diameter measured perpendicular to
Proximal ML diameter the anteroposterior diameter
- - Maximum mediolateral breadth across the epiphysis,
«© Distal maximum breadth measured perpendicular to the talar trochlear articular axis.
o) — . . .
= - . Minimum anteroposterior diameter of the articular surface
= - . -
Medial talar articular depth measured perpendicular to the talar trochlear articular axis
Maximum anteroposterior diameter at the midshaft,
Midshaft AP diameter measured perpendicular to the transverse axis of the talar
trochlear articulation
Midshaft ML diameter Maximum mediolateral diameter at the midshaft.
. . Maximum anteroposterior diameter of the epiphysis,
- Distal maximum depth measured parallel to the talar surface.
3 Distal articular depth Maximum anteroposterior diameter of the talar articular
T surface.
Distal articular height g/luar;(;rg:m proximodistal diameter of the talar articular

F%




Table 15: Summary of the measurements taken for the cranial as well as the dental comparative
material. Howells (1973) defines all cranial measurements. For dental measurements Townsend &
Brown (1979) was used as a guideline.

Breadth from ectoconchion to dacryon,
: as defined, approximating the
£ Orbital Breadth longitudinal axis which bisects the orbit
g into equal upper and lower parts
a
5 Interorbital Breadth The breadth across the nasal space
from dacryon to dacryon.
Maximum height of the corpus
Symphyseal Height | measured perpendicular to alveolar
plane
Symphyseal Measured perpendicular to symphyseal
Breadth height
Molar Breadth At Maximum breadth of the corpus taken at
the M1/M2 measured perpendicular to
M1/M2 -
) the height
% Ramus Height Taken from the gonion to the condyle.
c
< Maximum anterior to posterior breadth
= Ramus Breadth measured perpendicular to the height.
Mesiodistal Crown Maximum length (diameter) measured
Diameter across wear the facets
Buccolingual Maximum breadth across the crown
Crown Diameter measure perpendicular to length
\(]:S:l\élgg;lEnamel Maximum mesiodistal diameter at the
.E Mesiodistal cervicoenamel junction
= Cervico-Enamel Maximum buccolingual diameter at the
-l Junction cervicoenamel junction
e Buccolingual J )
%3B 2 " /
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2.5.1 Descriptive statistics
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CHAPTER 3: RESULTS AND ANALYSIS OF THE PALAUAN

POSTCRANIAL SPECIMENS
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3.2.1 Maximum length of the humerus

Table 16: Descriptive statistics for the maximum length of the humerus. The mean, standard deviation
(SD) and range are given for each group. The Palauan sample is represented by a single element and is
in italics as it represents an estimated value.

Group N Minimum Maximum Mean SD
Total comparative sample 254 241.0 379.0 301.896 25.3764
Andaman Islanders 32 241.0 308.0 269.078 14.7747
European* 93 258.0 344.0 303.032 21.1878
KhoiSan 5 276.0 323.0 296.000 21.3892
Australian Aboriginal* 70 261.0 379.0 319.186 21.8939
Nicobar Islander 3 258.0 273.0 264.333 7.7675
Palauan 1 - - 290.000
Pygmy from the Congo 1 - - 268.000 .
Southern Chinese* 50 256.0 341.0 300.340 19.7666
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B:O&-14:8-1081

Figure 7: Right humerus, specimen number B: OR-14:8-1081. As with all the Palauan specimens, this
humerus is fragmented and missing the proximal end. The length for this specimen was estimated at
290 mm.
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Figure 8: Box plot showing the distribution of measurements taken for the maximum length of the
humerus.

3.2.2 Humeral maximum midshaft diameter

- #
# §- # 1 &, - "F8
#$
YT 30IeT # # # 1 J
eth 0 J :&SACSS # # #

" # # #



Table 17: Descriptive statistics for the maximum diameter of the humeral midshaft. The mean,
standard deviation (SD) and range is given for each group.

Groups N Min Max Mean |[SD
Total for the comparative sample 277 14.0 27.0 |19.998]|2.4786
Andaman Islanders 33 14.2 20.2 |17.27811.8026
European 100 15.0 27.0 |20.640|2.2294
KhoiSan 7 17.2 22.1 ]19.34311.9234
Australian Aboriginal 81 14.0 26.0 |20.1482.4552
Nicobar Islander 2 18.9 20.4 |[19.645(1.0819
Palauan (B: OR-14:8-1081) 1 19.1 19.1 |19.100
Pygmy from the Congo (99/7189) 1 15.6 15.6 |15.600
Southern Chinese 53 16.0 26.0 |[20.434(2.2956
- " # # T *2.:"3%0:"&0"8 "
/ 7556F " @585 > #
/ 7%8&"8
European— S o
Southern Chinese™| '—_ 1

Aboriginal-] I
Q.
=
]
(O] Nicobar] _
S
K
S Khoisan—] ] ——
QL
(<]
o

Palauan— |

Andaman—] ——— R ————

Pygmy—| |

T T T T
15.0 17.5 20.0 22,5 25.0 27.5
Maximum diameter of the midshaft - Humerus

Figure 9: Box plot showing the distribution of measurements for the maximum diameter of midshaft of
the humerus. The measurements provided above have a normal distribution for this measurement. (N
=278, SD =2.47).

3.2.3 Midshaft minimum diameter for the humerus
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Table 18: Descriptive statistics for the minimum diameter of the humeral midshaft. The mean,
standard deviation (SD) and range are given for each group.

Group N Min Max Mean SD

Total for the comparative sample 195 9.9 23.0 16.219 2.4843
Andaman Islander 33 9.9 17.4 13.584 1.7425
European 100 11.0 23.0 17.105 2.3358
KhoiSan 6 13.3 17.5 14.733 1.5731
Nicobar Islander 2 12.8 154 14.075 1.8738
Palauan 1 14.1 14.1 14.100

Pygmy from the Congo 1 12.3 12.3 12.300

Southern Chinese 53 13.0 20.5 16.509 1.9327

All data used in this set were collected by the author with the exception of Southern Chinese and European
(n = 93). The Palauan sample is represented by a single element (B: OR-14:8-1081) as is the Pygmy from
the Congo (99/7189).

3.2.4 Anteroposterior (AP) diameter of the humeral head
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Figure 10: Boxplot showing the distribution of measurements of the minimum diameter of the humeral
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midshaft. ( N= 96, SD =2.48.)

Table 19: Descriptive statistics for the anteroposterior diameter of the humeral head. The mean,

standard deviation and range is given for each group.

Group N Min Max Mean SD
The entire comparative sample 40 30.6 41.0 35.246 25526
Andaman Islander 31 30.6 394 34.852 2.2926
KhoiSan 6 34.6 41.0 37.983 2.7694
Nicobar Islander 2 32.7 33.9 33.300 .7920
Palauan 7 32.9 44.1 38.043 4.4052
Pygmy from the Congo 1 34.9 34.9 34.900
# # " #$ §

Table 20: Z-scores for the Palauan specimens’ humeral AP head diameter.

Palauan specimen Zscore
B:OR-15:18-014 -0.91721
B:OR-15:18-015 -0.25308
B:OR-15:18-088 2.23742
B:OR-15:18-054 1.83894
B:OR-15:18-024 2.80193
B:OR-15:18-046 0.07899
B:OR-14:8-1081 -0.25308
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Figure 11: Boxplot showing the distribution of measurements of the humeral head anteroposterior
diameter. This sample consists of only small-bodied samples. (N= 47, SD = 3.01).

3.2.5 Superoinferior (SI) diameter of the humeral head

Table 21: Descriptive statistics for the humeral head SI diameter. The individual mean, standard
deviation (SD), minimum and maximum are given for each group.

Group N Min Max Mean SD

Entire comparative sample) 262 31.8 54.0 41.071 4.2569
Andaman Islander 33 31.8 42.2 36.633 2.6296
European 89 36.0 54.0 43.163 4.1960
KhoiSan 7 33.6 46.5 39.314 4.3291
Murray Valley Aboriginal 80 32.0 48.0 40.525 3.5435
Nicobar Islander 3 36.8 38.6 37.623 .9333
Palauan 1 41.0 41.0 41.000

Pygmy from the Congo 1 35.1 35.1 35.100 .
Southern Chinese 49 34.0 51.0 41.735 3.7501

The Palauan sample is represented by a single element (B: OR-15:18-046). Data used in this set were
collected by the author, data for European, Australian Aboriginal, and Southern Chinese from Brown (2001).




B:OR-15:18-046

Figure 12: Photograph of specimen B: OR-15:18-046 a proximal humeral fragment. This specimen is
broken just above the midshaft.
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Figure 13: Boxplot showing the distribution of measurements of the humeral head superoinferior
diameter. (N = 263, SD = 4.24).

3.2.6 Bi-epicondylar breadth of the humerus
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Table 22: Descriptive statistics for the bi-epicondylar breadth of the humerus. The individual mean,
standard deviation (SD), minimum and maximum are given for each group.

Group N Min Max Mean SD
Entire comparative sample 264 34.0 74.0 50.713 8.7948
Andaman Islander 32 45.1 57.5 50.858 3.2006
European 89 45.0 74.0 57.815 6.3207
KhoiSan 7 50.6 60.6 54.343 3.3832
Aboriginal 81 34.0 47.0 40.099 3.2962
Nicobar Islander 2 52.7 55.1 53.900 1.7395
Palauan 4 50.4 64.2 57.450 5.6459
Pygmy 1 53.1 53.1 53.100
Southern Chinese 52 46.0 62.0 54.346 4.7471
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Figure 14: Boxplot showing the distribution of measurements of the bi-epicondylar breadth of the
humerus. (N=268, SD = 8.78 mean 268)

3.2.7 Distal articular breadth of the humerus
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Figure 15: Boxplot showing the distribution of measurements of the distal articular breadth of the
humerus. No individuals fall at the lower end of the distribution (N=52 SD =3.10 mean = 37.94)

Table 23: Descriptive statistics for the distal articular breadth of the humerus. The individual mean,

standard

deviation (SD), minimum and maximum are given for each group of the comparative sample.

Group N Min Max Mean SD
Entire comparative sample | 51 | 325 | 454 | 37.996 | 3.1075
Andaman Islander 32 325 41.1 36.652 2.5249
KhoiSan 16 35.0 45.4 40.856 2.4725
Nicobar Islander 2 36.3 38.3 37.275 1.4496
Palauan 1 34.8 34.8 34.800
Pygmy 1 36.7 36.7 36.700
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Table 24: Descriptive statistics for olecranon fossa breadth of the humerus. The individual mean,
standard deviation (SD), minimum and maximum are given for each group of the comparative sample.

Group N Min Max Mean SD
Entire comparative sample 45 19.3 28.1 22.698 1.9875
Andaman Islander 33 19.3 25.3 22.111 1.6892
KhoiSan 8 21.9 28.1 25.100 1.8055
Nicobar Islander 3 22.0 23.9 22.923 .9304
Palauan 2 19.1 21.7 20.400 1.8385
Pygmy from the Congo 1 22.2 22.2 22.200
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Figure 16: Boxplot showing the distribution of measurements for the olecranon fossa breadth of the
humerus. (N=47, SD =2.018, Mean = 22.6).

3.2.9 Mediolateral (ML) breadth of the humeral trochlea
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Table 25: Descriptive statistics mediolateral length of trochlea of the humerus. The individual means,
standard deviation (SD), minimum and maximum are given for each group.

Group N Min Max Mean SD
Entire comparative sample 42 11.2 234 | 18904 | 2.9717
Andaman Islander 31 17.1 23.4 20.110 1.6450
KhoiSan 8 11.2 18.5 13.987 2.3277
Nicobar Islander 3 18.4 20.9 19.553 1.2657
Palauan 2 10.9 15.2 13.050 3.0406
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Figure 17: Boxplot showing the distribution of measurements of mediolateral breadth of the humeral
trochlea. (N =44 SD = 3.187 mean = 18.64).

3.2.10 Capitular superoinferior (SI) diameter of the humerus
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Table 26: Descriptive statistics for the capitular superoinferior diameter of the humerus. The
individual means, standard deviation (SD), minimum and maximum are given for each group.

Group N Min Max Mean SD
Capitular S| diameter (mm) 42 13.0 20.0 16.677 1.3811
Andaman Islander 32 13.0 18.7 16.319 1.2819
KhoiSan 7 16.2 20.0 17.886 1.2321
Nicobar Islander 2 17.8 18.2 18.025 .2758
Palauan 3 19.6 21.0 20.400 7211
Pygmy from the Congo 1 17.0 17.0 17.000
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Figure 18: Boxplot showing the distribution of measurements of the capitular superoinferior diameter
of the trochlea. (N =45, SD =1.638, Mean = 16.93)
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Figure 19: Scatter plot of the mediolateral breadth of the trochlea versus superoinferior height of the
capitulum. Straight lines indicate the best-fit line for each group. The black triangle represents the
Palauan mean for each measurement since no specimen preserved both a trochlea and a capitulum.
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Figure 20: Graph showing mean plots of all the measurements taken on the humerus. In this graph,
the Palauan specimens are both smaller and larger than the comparative groups depending on the
measurement some measurements are larger.

S5A



ASA - - " #

3.3.1 Maximum length of the radius
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Table 27: Descriptive statistics for the maximum length of the radius. The mean, standard deviation
(SD), minimum and maximum are given for each group of the comparative sample.

Group N Min Max Mean SD

Total comparative sample 166 181.00 273.00 224.8825 18.71970
Andaman Islander 30 197.00 252.00 216.0167 13.23233
European 90 181.00 266.00 223.7889 19.46446
KhoiSan 4 203.00 246.00 230.00 19.64688
Palauan 1 240.00 240.00 240.00

Pygmy 1 207.00 207.00 207.00 .
Southern Chinese 42 200.00 273.00 233.9286 17.01275
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Figure 21: Fragment of a near complete left radius. Specimen is missing the distal end and length was
estimated at 240 mm (using Rao 1989). Specimen was collected from Omedokel cave. Picture by
L.R. Berger, edited by author.
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Figure 22: Boxplot showing the distribution of measurements taken for the maximum length of the
radius. The measurements are normally distributed for the comparative groups measured (N = 168,

SD =18.696, mean = 225.08).

3.3.2 Carpal articular breadth of the radius

Table 28: Descriptive statistics for the carpal articular breadth of the radius. The mean, standard
deviation (SD), minimum and maximum are given for each group of the comparative sample.

Group N Min Max Mean SD
Total comparative sample 34 | 2275 | 3037 | 257603 | 2.00092
Andaman Islander 30 22.75 30.37 25.8017 2.08934
KhoiSan 4 16.80 26.90 23.7000 4.65260
Palauan 2 21.90 26.00 23.9500 2.89914
Pygmy from the Congo 1 23.80 23.80 23.8000
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Figure 23: Boxplot of the distribution of measurements taken for the carpal articular breadth of the
radius. (N=37, SD = 2.489 Mean = 25.47)

3.3.3 Distal breath of the radius

Table 29: Descriptive statistics for the distal breadth of the radius. The mean, standard deviation (SD),
minimum and maximum are given for each group of the comparative sample.

Group N | Min | Max Mean SD

Total comparative sample | 35| 20.64 [ 29.96| 25.1200 2.46915
Andaman Islander 30(20.64|29.96| 251419 | 2.50392
KhoiSan 4 |23.70|28.00| 26.4250 1.96193
Palauan 2 |24.80[27.40| 26.1000 1.83848
Pygmy 1 |22.10(22.10| 22.1000
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Figure 24: Boxplot of the distribution of measurements taken on the distal breadth of the radius. All
measurements plot near the mean, or within two standard deviations of the mean. (N= 38, Std, dev.
2.44 mean =25.25)

3.3.4 Distal depth of the radius
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Table 30: Descriptive statistics for distal depth of the radius. The mean, standard deviation (SD),
minimum and maximum are given for each group of the comparative sample.

Group N Min Max Mean SD

Total comparative sample 35 14.30 | 21.27 | 17.7306 2.01449
Andaman Islander 31 14.38 | 21.27 | 17.8410 2.02159
KhoiSan 4 16.60 | 19.20 | 17.4500 1.18181
Palauan 2 18.30 | 19.70 | 19.0000 .98995
Pygmy 1 14.30 | 14.30 14.3000
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Figure 25: Boxplot of the distribution of measurements for the distal depth of the radius. All

measurements plot near the mean, or within two standard deviations of the mean. (N = 38, SD = 1.969,
Mean 17.77)

3.3.5 Anteroposterior (AP) diameter of the radial head
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Table 31: Descriptive statistics for the anteroposterior head diameter of the radius. The mean,
standard deviation (SD), minimum and maximum are given for each group.

Group N Min Max Mean SD
Total Comparative sample 165 15.06 26.46 20.6118 | 2.32534
Andaman Islander 30 15.06 26.46 18.2483 2.17670
European 85 17.00 26.00 21.2588 2.08111
KhoiSan 4 18.90 22.40 20.3750 1.46373
Palauan 1 21.50 21.50 21.5000
Pygmy from the Congo 1 18.10 18.10 18.1000 .
Southern Chinese 46 15.50 25.50 21.0217 1.89724
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Figure 26: Boxplot showing the distribution of measurements taken on the radial head, for the AP
diameter. (N=167, SD = 2.313, Mean = 20.61).
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Figure 27: Graph showing some of the measurements taken on the radius. The mean for each group is
plotted against the measurement. The sample sizes are indicative of the number of samples present in
total.
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3.4.1 Crest height of the ulna
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Table 32: Descriptive statistics for the crest height of the ulna. The mean, standard deviation (SD),
minimum and maximum are given for each group.

# #
§

Population Group N Min Max Mean SD
Total for the entire sample 35 35.95 50.53 |43.3937 | 3.81006
Andaman Islander 29 35.95 50.53 |43.3166 | 3.85950
Khoisan 5 41.20 50.10 |44.6600 | 3.58929
Palauan 33.80 33.80 |33.8000

Pygmy from the Congo 39.30 39.30 |39.3000
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Figure 28: Boxplot of the measurements taken for crest height of the ulna.
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Table 33: Descriptive statistics for the olecranon height of the ulna. The individual means, standard
deviations, minimum and maximum are given for each group.

Group N Min Max Mean SD
Olecranon height 34 13.30 33.83 28.0762 6.11840
Andaman Islander 28 26.30 33.83 30.7104 2.04421
Khoisan 5 13.30 17.70 15.4200 2.09690
Palauan 2 23.00 25.10 24.0500 1.48492
Pygmy from the Congo 1 17.60 17.60 17.6000
- " # # # *?UU"BM@:8AT , *?.:"B*"@:835%

$
Andaman Islander—] I—:I:'—i
Q.
=
(% Palauan— EE'
o
K=
®
g_ Pygmy from the Congo™] I
&
Khoisan—| FD:F
13.00 18!00 23I.00 28!00 33!00

Olecranon height - Ulna

Figure 29: Boxplot of the measurements taken for olecranon height of the ulna. (N = 36, SD = 6.019,
Mean 27.85)

3.4.3 Olecranon length of the ulna

# ) # m. triceps brachii [
38 it : # #§
- A388
¥? _"BYT@:&AT 77 @8%& 0 J &B5%358 , *?_:"B*"@:&35 7°5M%& 0J

&8%" 3C&8 9 # # §2 7

" &%



A&S8

Table 34: Descriptive statistics for the olecranon length of the ulna. The individual means, standard
deviation (SD), minimum and maximum are given for each group.

Group N Minimum | Maximum Mean SD
Total for comparative sample | 5, 12.40 24.77 19.8368 2.71512
Andaman Islander 27 16.60 24.77 20.4830 2.13176
Khoisan 3 12.40 17.90 15.4333 2.79344
Palauan 2 18.20 19.20 18.7000 70711
Pygmy from the Congo 1 15.60 15.60 15.6000
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Figure 30: Boxplot of the measurements taken for olecranon length of the ulna. (N=33, SD = 2.646,

mean = 19.77).

3.4.4 Head breadth of the Ulna
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Table 35: Descriptive statistics for head breadth of the ulna. The individual means, standard
deviations, minimum and maximum are given for each group.

Group N Min Max Mean SD
Total for the comparative sample 33 | 10.59 17.10 13.7482 1.38449
Andaman Islander 30 | 10.59 17.10 13.7163 1.44075
Khoisan 2 | 13.70 14.80 14.2500 77782
Palauan 2 | 16.60 16.70 16.6500 .07071
Pygmy 1 | 13.70 13.70 13.7000
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Figure 31: Boxplot of the measurements taken for head breath of the ulna. The measurements are

normally distributed.

3.4.5 Distal maximum depth of the ulna
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Table 36: Descriptive statistics of the maximum depth of the distal ulna. The individual means,
standard deviation (SD), minimum and maximum are given for each group.

Figure 32: Boxplot showing the distribution of measurements for the distal maximum depth of the

Group N Min Max Mean SD
Total for the comparative
sample 33 10.39 16.96 14.1461 | 1.69987
Andaman Islander 30 10.39 16.96 14.1473 | 1.73542
Khoisan 2 12.50 14.20 13.3500 | 1.20208
Palauan 2 11.00 12.00 11.5000 | .70711
Pygmy from the Congo 1 15.70 15.70 15.7000 .
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ulna. (N=35, SD =1.767).

3.4.6 Distal radial maximum length of the ulna
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Table 37: Descriptive statistics for the distal radial maximum length of the ulna. The individual means,
standard deviation (SD), minimum and maximum are given for each group.

Group N Min Max Mean SD
Total for the comparative
sample 33 6.15 13.50 8.3545 1.72092
Andaman Islander 30 6.15 10.59 7.9867 1.13263
Khoisan 2 13.50 13.50 13.5000 .00000
Palauan 2 6.20 8.10 7.1500 1.34350
Pygmy from the Congo 1 9.10 9.10 9.1000 .
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Figure 33: Boxplot showing the distribution of measurements of the distal radial maximum length of
the ulna. (Mean = 8.29, SD = 1.709, N=35).
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Figure 34: Mean plots for the measurements taken on the ulna. The black line links the Palauan means
and allows for easy comparison between the Palauan specimens and the comparative groups. Sample
sizes reflect total; for the sample sizes of specific measurements see the relevant tables
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Table 38: Summary for all upper limb measurements taken on the Palauan specimens.

Element Measurement Predicted result Actual result Pala;)lljgpnseaar?ple
Maximum length Small Small KS
Midshaft maximum diameter Small Small KS
Midshaft minimum diameter Small Small NIC

@ Head Anterior- Posterior diameter | Small Large* KS

3] Head Superoinferior diameter Small Average AB

£ Bi-epicondylar breadth. Small Small E

* Distal articular breadth Small Smallest AND
Olecranon fossa breadth Small Smallest AND
Mesiodistal length of the trochlea | Small Smallest KS
Capitular S| diameter Small Small Not compar
Crest height Small Smallest Not compar
Olecranon height Small Small None

© Olecranon length Small Small AND

=) Head breadth Small Large* Not compar
Distal maximum depth Small Smallest KS
Distal radial maximum length Small Smallest AND
Maximum length Small Large* KS
Carpal articular breadth Small Smallest AND

S Head AP diameter Small Average E

B Distal depth of the radius Small Small AND

o Distal breadth of the radius Small Small K
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3.7.1 Maximum acetabular diameter of the pelvis
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Table 39: Descriptive statistics for the maximum acetabular diameter of the pelvis. The mean,
standard deviation (SD), minimum and maximum are given for each group.

Eliy N Min Max Mean SD
Total for comparative sample 144 39.36 58.00 47.7975 3.97216
Australian Aboriginal 100 41.00 58.00 48.6400 3.67498
Andaman Islander 17 39.36 49.32 42.5906 2.59533
Khoisan 17 42.80 54.30 48.2765 3.29631
Palauan 2 39.50 46.10 42.8000 4.66690
Pygmy 1 41.10 41.10 41.1000 .
Zulu 9 43.50 52.70 48.1111 2.64738
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Figure 35: Boxplot showing the distribution of measurements taken for the maximum diameter of the
acetabulum. (N=148, SD =4.0, mean = 146.0). The Open circles indicate outliers.

3.7.2 Transverse diameter of the acetabulum of the pelvis

Table 40: Descriptive statistics for transverse acetabular diameter of the pelvis. The mean, standard
deviation (SD), minimum and maximum are given for each group.

Population Group .
N Min Max Mean SD
Total comparative sample 42 35.84 53.10 449150 | 4.13591
Andaman Islander 17 35.84 47.45 41.3135 2.83261
KhoiSan 16 41.30 53.10 47.6000 3.03095
Palauan 2 36.00 41.00 38.5000 3.53553
Pygmy 1 41.40 41.40 41.4000 .
Zulu 8 44.80 50.40 47.6375 1.98778
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Figure 36: Boxplot showing the distribution measurements taken for the transverse diameter of the
acetabulum. (N = 44, Mean 44.62, SD 4.293)

3.7.3 lliac height of the pelvis

- # [ " 388
? " # ¥ P I"B*T0:885 TTEUIAL 0J :"$BB8
# # #
% § -
N # - N
" " #
7 AF8§

ll%



ZuluT

KhoiSan—

Pygmy-|

Population Group

Palauan—

Andaman-| ([ EEN

T
97.00

T
107.00

lliac height (mm)

T
117.00

T T
127.00 137.00

Figure 37: Boxplot showing the distribution of measurements taken for the iliac height, (N=41, Mean =

116.09 SD = 10.665).

Table 41: Descriptive statistics for iliac height of the pelvis. The mean, standard deviation (SD),
minimum and maximum are given for each group.

Group N Min Max Mean SD
Total comparative sample. 40 97.12 136.80 116.4370 | 10.56665
Andaman Islander 15 97.12 120.69 108.3920 7.20945
KhoiSan 16 105.80 136.80 120.7938 9.83494
Palauan 1 102.30 102.30 102.3000
Pygmy 1 104.70 104.70 104.7000 .
Zulu 8 116.80 133.30 124.2750 6.23578
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3.7.4 Superior iliac breadth of the pelvis
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Table 42: Descriptive statistics for the superior iliac breadth of the pelvis. The mean, standard
deviation (SD), minimum and maximum are given for each group.

Population Group N Min Max Mean SD
Total comparative sample 134 113.27 166.00 140.9339 10.75323
Australian Aboriginal 95 126.00 166.00 145.0105 7.83133
Andaman Islander 16 113.27 134.77 123.6088 7.50837
|KhoiSan 13 121.00 148.20 135.8077 9.63790
|Pa|auan 2 120.90 123.00 121.9500 1.48492
lPygmy 1 118.50 118.50 118.5000
Zulu 9 129.00 150.20 138.6000 6.87804
The Palauan sample is represented by two specimens; B: OR-15:18-009 and B: OR-15:18-087. Data used|
[in this set were collected by the author, data for the Aboriginal group obtained from Brown (2001).
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Figure 38: Boxplot showing the distribution of measurements taken for the superior iliac breadth;
N=136, SD 10.918, mean = 140.65.

-
-
135.0 1 -
E 115.0
g
% 95.0 -
g
s}
"'é 75.0 +
55.0 4
35.0 T T
Maximum Transverse lliac height (mm) Superior iliac
Acetabular Acetabular breadth (mm)
diameter (mm) diameter (mm)
Measurements taken on the Pelvis
Andamanese (n=17) = Khoisan (n=16) —e— Palauan (n=2)
= Pygmy (n=1) = Zulu (n=9) m  Aboriginal (100)

Figure 39: The group mean plotted for each measurement taken on the pelvis. The sample sizes
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please see relevant tables.
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Figure 40: Scatter plot comparing the maximum acetabulum diameter to the superior iliac breadth. A)
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3.8.1 Anteroposterior (AP) head diameter of the femur
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Table 43: Descriptive statistics AP head diameter of the femur. The mean, standard deviation (SD),
minimum and maximum are given for each group.

|Population Group N Min Max Mean SD
Total comparative sample 284 33.30 53.80 42.6868 4.35072
Andamanese 34 33.50 42.92 37.3135 2.48311
|European 120 36.00 53.80 45.2233 3.79776
[Khoisan 33 33.30 47.00 40.8788 3.55833
INicobar Islander 4 36.29 39.39 37.4725 1.34740
|Palauan 2 36.10 38.80 37.4500 1.90919
|IPygmy from the Congo 1 36.40 36.40 36.4000 ]
Zulu 90 36.40 51.00 42.4156 3.26957

Ithis set were collected by the author.

Two specimens represent the Palauan sample; B: OR-15:18-013 & B: OR-15:18-098. Data used in
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Figure 41: Boxplot showing the distribution of measurements taken for the anteroposterior (AP) head

diameter of the femur. (N=284, mean=42.6, SD 4.35)

3.8.2 Superoinferior (S1) head diameter of the femur

Table 44: Descriptive statistics SI head diameter of the femur, statistics are separated into the
comparative groups. The mean, standard deviation (SD), minimum and maximum are given for each

group.
Population Group N Min Max Mean SD
Total Comparative sample 494 32.00 53.80 42.5666 4.04648
Andamanese 33 32.70 42.11 37.2476 2.39708
European 218 36.00 53.80 44.2775 3.85512
KhoiSan 32 34.50 47.10 40.7281 3.45704
Australian Aboriginal 76 32.00 58.00 41.1711 3.96110
Nicobar Islander 4 36.03 39.60 37.0075 1.73344
Palauan 1 35.20 35.20 35.2000
Pygmy from the Congo 1 36.40 36.40 36.4000 .
Southern Chinese 40 36.50 49.00 43.8000 3.28907
Zulu 90 36.10 49.50 42.2256 3.01366
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Figure 42: Boxplot showing the normal distribution curve for the superoinferior head diameter of the
femur. N = 495, SD =4.101 mean = 42.60. The open circles indicate the open circles.

3.8.3 Vertical neck diameter of the femur
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Table 45: Descriptive statistics vertical neck diameter, statistics are separated into the different
population groups. The mean, standard deviation (SD), minimum and maximum are given for each
group.

Group N Min Max Mean SD
Total comparative sample 46 21.27 30.10 25.4372 2.18522
Andamanese 34 21.27 28.89 24.8609 2.01039
KhoiSan 6 27.10 30.10 28.5833 1.20402
Nicobar Islander 4 24.58 26.80 25.6100 1.05432
Palauan 1 25.20 25.20 25.2000
Pygmy from the Congo 1 25.70 25.70 25.7000
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Figure 43: Boxplot showing the vertical neck diameter measurements of the femur. Mean = 25.44, SD =
2.185.

3.8.4 Sagittal neck diameter of the femur
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Table 46: Descriptive statistics sagittal neck diameter, statistics are separated into the different
population groups.

Group N Min Max Mean SD
Total comparative sample 45 17.69 27.06 21.4613 2.10037
Andamanese 34 18.28 27.06 21.2738 1.78528
KhoiSan 5 20.60 27.00 24.0200 2.90207
Nicobar Islander 4 17.69 22.54 20.6625 2.07863
Palauan 1 19.30 19.30 19.3000
Pygmy from the Congo 1 20.40 20.40 20.4000
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Figure 44: Boxplot for the sagittal-neck diameter measurements of the femur. Mean = 21.46, SD = 2.10,
N =45,

3.8.5 Head and neck length of the femur
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Table 47: Descriptive statistics for the overall head and neck length of the femur. The mean, standard

deviation (SD), minimum and maximum are given for each group.

71—

3F88

" %%

Group N Min Max Mean SD
Total comparative sample 44 42.57 69.20 51.4377 5.21109
Andamanese 34 42.57 57.74 50.0018 3.95828
KhoiSan 4 55.30 69.20 61.7750 5.83117
Nicobarese 4 51.44 58.02 53.4000 3.13542
Palauan 1 49.50 49.50 49.5000
Pygmy from the Congo 1 53.00 53.00 53.0000 .
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Figure 45: Boxplot for the head and neck length of the femur. No specimens fall in the lower end of the
normal distribution curve. (N= 44, SD =5.211, mean = 51.44).
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3.9.1 Proximal anteroposterior (AP) diameter of the tibia
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Figure 47: Boxplot showing the AP head diameter of the tibia. (N = 193, SD 4.114, mean = 31.05).

%3



Table 48: Descriptive statistics for the proximal anteroposterior diameter of the tibia. The mean,
standard deviation (SD), minimum and maximum are given for each group

Group N Min Max Mean SD
Total comparative sample 191 21.4 40.0 31.160 4.0134
Andaman Islander 26 21.4 32.9 26.363 2.7698
European 99 24.0 40.0 32.480 3.6679
KhoiSan 5 27.0 36.2 31.840 4.0488
Nicobar Islander 5 27.9 31.6 29.534 1.6352
Palauan 2 32.5 34.4 33.450 1.3435
Pygmy from the Congo 1 26.3 26.3 26.300 .
Southern Chinese 55 26.0 39.5 31.227 3.5064
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3.9.2 Proximal mediolateral (ML) breadth of the tibia
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Table 49: Descriptive statistics for proximal mediolateral diameter of the tibia, statistics are separated
into different groups. The mean, standard deviation (SD), minimum and maximum are given for each
group.

Group N Min Max Mean SD

Total for the comparative sample | 156 52.1 86.0 68.247 6.8048
Andaman Islander 24 52.1 67.1 59.260 4.0297
European 84 60.0 86.0 70.625 5.9109
KhoiSan 3 59.8 73.8 67.333 7.0607
Nicobar Islander 3 62.9 66.5 64.213 1.9684
Palauan 2 53.1 63.1 58.100 7.0711
Pygmy from the Congo 1 62.7 62.7 62.700 .

Southern Chinese 41 55.0 78.0 69.134 5.6314

"%B



Group N Min Max Mean SD
Total for the comparative sample | 156 52.1 86.0 68.247 6.8048
Andaman Islander 24 52.1 67.1 59.260 4.0297
European 84 60.0 86.0 70.625 5.9109
KhoiSan 3 59.8 73.8 67.333 7.0607
Nicobar Islander 3 62.9 66.5 64.213 1.9684
Palauan 2 53.1 63.1 58.100 7.0711
Pygmy from the Congo 1 62.7 62.7 62.700 .
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Figure 48: Boxplot showing the distribution measurements taken for the proximal mediolateral
breadth of the tibia. (N = 158 SD =6.8 mean = 68.2).
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Figure 49: Bivariate plot showing the distribution of measurements taken on the proximal epiphysis of
the tibia, each group is only represented by a mean.

3.9.3 Distal maximum breadth of the tibia
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Table 50: Descriptive statistics for the maximum distal breadth of the tibia. The mean, standard
deviation (SD), minimum and maximum are given for each group.

Group N Min Max Mean SD
Total comparative sample 33 29.3 47.7 35.260 3.6797
Andaman Islander 25 29.3 40.9 34.215 2.7733
KhoiSan 3 35.9 47.7 41.800 5.9000
Nicobar Islander 4 33.8 39.1 36.323 2.1559
Palauan 3 24.8 35.7 29.433 5.6306
Pygmy from the Congo 1 37.5 37.5 37.500 .
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Figure 50: Boxplot for the measurements taken for the maximum breath of the distal tibia. (N =39 SD
= 3.983 mean = 34.91)

3.9.4 Medial talar articular depth of the tibia
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Table 51: Descriptive statistics medial talar articular depths of the tibia. The mean, standard deviation
(SD), minimum and maximum are given for each group.

Population Group N Min Max Mean SD
Total comparative sample 33 18.6 27.3 21.835 1.9595
Andaman Islander 25 18.6 24.2 21.552 1.6019
KhoiSan 3 24.1 27.3 25.667 1.6010
Nicobar Islander 4 19.3 21.6 20.540 .9691
Palauan 3 25.2 26.9 26.200 .8888
Pygmy from the Congo 1 22.6 22.6 22.600 .
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Figure 51: Boxplot of the medial talar articular depth of the distal tibia. (N=36, SD 2.248, mean 22.2)

3.9.5 Tibial midshaft anteroposterior (AP) diameter
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Table 52 : Descriptive statistics midshaft anteroposterior diameter of the tibia. The mean, standard
deviation (SD), minimum and maximum are given for each group.

Population Group N Min | Max Mean SD
Total comparative sample 34 19.1 31.9 24.232 3.1695
Andaman Islander 24 19.1 27.9 23.017 2.4640
KhoiSan 4 25.4 31.9 29.525 3.0923
Nicobar Islander 5 24.6 26.8 25.738 1.0141
Palauan 1 28.0 28.0 28.000
Pygmy from the Congo 1 24.7 24.7 24.700
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Figure 52 Boxplot for measurements taken on midshaft anteroposterior diameter of the tibia. (N=38
SD=3.192, mean 24.23)

3.9.6 Tibial midshaft mediolateral (ML) diameter
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Table 53: Descriptive statistics from the midshaft ML diameter of the tibia. The mean, standard
deviation (SD), minimum and maximum are given for each group.

Population Group N Min Max Mean SD
Total comparative sample 34 14.5 225 18.309 2.3283
Andaman Islander 24 14.5 22.5 17.878 2.3253
KhoiSan 4 17.1 22.0 20.600 2.3424
Nicobar Islander 5 16.8 21.2 18.784 1.5835
Palauan 1 19.4 194 19.400
Pygmy from the Congo 1 171 17.1 17.100
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Figure 53: Boxplot showing the distribution measurements taken for midshaft ML diameter of the
tibia. (N = 35, SD 2.301, mean = 18.34)
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Figure 54: Bivariate plot showing the dimensions of the tibial midshaft. Each plot is the mean of the
measurement for each group.
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Figure 55: Univariate plot of measurements taken on the tibia. The sample sizes given are for the
entire sample, for each individual measurement please refer to the tables in Chapter 2.
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Table 54: Descriptive statistics for the distal maximum depth of the fibula. The mean, standard
deviation (SD), minimum and maximum are given for each group.

Comparative Group N Min Max Mean |SD
Total comparative sample |32 13.1 23.1 18.825 2.8154
Andaman 28 13.9 23.1 19.343 [2.5643
KhoiSan 3 14.9 17.0 15.900 [1.0536
Palauan 6 21.6 25.1 22.883 [1.2671
Pygmy 1 13.1 13.1 13.100 |

|in this set were collected by the author.

The Palauan sample is represented by six specimens; B: OR-14:8-049, B: OR-14:8-051,
B: OR-15:18-020, B: OR-15:18-028, B: OR-15:18-048 and B: OR-15:18-043. Data used

Table 55: Palauan fibula specimens and measurements.

Specimen Measurement (mm) | Z-score
B:OR-14:8-049 23.2 0.70713
B:OR-14:8-051 25.1 1.00537
B:OR-15:18-02 21.8 1.20419
B:OR-15:18-028 23.1 0.77341
B:OR-15:18-048 22.5 1.23733
B:OR-15:18-043 21.6 1.86694
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Figure 56: Boxplot for the measurements taken for the distal maximum depth of the fibula. (N = 38 SD
= 3.018 mean = 19.47). The open circle indicate outliers for the population groups.

3.10.2 Distal articular depth of the fibula

# # 7 - BC8S

# ) 7 BF8S - #

Table 56: Fibula specimen numbers, measurements and Z-scores.

Specimen number | Measurement (mm) | Z-score
B:OR-14:8-049 17.4 0.84542
B:OR-14:8-051 17.0 0.60098
B:OR-15:18-02 17.9 1.15097
B:OR-15:18-028 16.2 0.11209
B:OR-15:18-048 17.8 1.45653
B:OR-15:18-043 18.4 1.08986
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Table 57: Descriptive statistics for the distal articular depth of the fibula. The mean, standard
deviation (SD), minimum and maximum are given for each group.

Population Group N Min Max Mean SD
Total comparative sample | 5, 13.0 19.7 15.748 1.6208
Andaman 28 13.0 19.7 15.690 1.6601
KhoiSan 3 15.0 18.1 16.500 1.5524
Palauan 6 16.2 18.4 17.450 7740
Pygmy 1 15.1 15.1 15.100
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Figure 57 Boxplot for the distal articular depth of the fibula. (N = 38, SD = 1.636, Mean 16.02)

3.10.3 Distal articular height of the fibula
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Table 58: Descriptive statistics distal articular height. The mean, standard deviation (SD), minimum
and maximum are given for each group.

Population Group N Min Max Mean SD
Total comparative sample 32 14.8 28.3 19.611 3.0371
Andaman 28 14.8 22.5 18.759 1.8840
KhoiSan 3 21.9 28.3 26.000 3.5595
Palauan 6 18.9 24.2 20.550 1.8950
Pygmy 1 24.3 24.3 24.300
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Figure 58: Boxplot for the distal articular height of the fibula. (N=38, SD = 2.887, mean = 19.76)
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Table 59: Summary for all pelvis and lower limb measurements taken on the Palauan specimens.

Element Measurement Predicted result® | Actual result Most comparable
. Maximum acetabular diameter Small Small AND
3 Zgi?;gﬁ{j;d'ameter of the Small Smallest AND
3 lliac height Small Smallest PG
Superior iliac breadth Small Small AND
g\ir;t;req[grostenor (AP) head Small Small AND
g g;'fr’ﬁ;?;?fe”‘” (S1) head Small Smallest AND
e Vertical neck diameter Small Small NIC
Sagittal neck diameter Small Smallest AND
Head and neck length Small Smallest AND
Proximal AP diameter Small Large Overlap
Proximal ML diameter Small Smallest AND
._‘g Distal maximum breadth Small Smallest KS
= Medial talar articular depth Small Large* KS
Midshaft AP diameter Small Large* KS
Midshaft ML diameter Small Small Overlap
© Distal maximum depth Small Large* NONE
E Distal articular depth Small Small KS
o Distal articular height Small Small NONE
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CHAPTER 4: DISCUSSION ON THE POSTCRANIAL ELEMENTS OF THE

PALAUAN SPECIMENS
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Figure 60: Negrito people. 1 January 1905: http://en.wikipedia.org/wiki/file:Malaya 1905.ipg.
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4.2.2 The small-bodied inhabitants of Palau
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Table 60: Measurements for which the Palauan samples show unusual trends as either being outliers
for the entire comparative sample or not plotting near the comparative insular populations. This table
is a summary of the results obtained in Chapter 4 of this study.

Element Measurement Outlier
. . . . Palauan specimen show disproportion in these
Capitular Slér?é?rr]n gft%éﬂtﬁ:ﬁgg to the ML measurements re_Iative to th(_e isla_nd_p_opulations and
Humerus cluster with the Khoisan individuals.
Distal articular breadth Small
Humeral head diameter Large, comparable to the Khoisan
Distal radial breadth and depth Large, comparable to the Khoisan
Radius Carpal articular breadth Smallest recorded
Radial head AP diameter Large comparable Khoisan
Crest Height Smallest recorded for entire sample
Ulna Olecranon length and height Large unlike the small-bodied comparative sample.
Distal ulna dimensions Smaller than insular populations
Proximal ML diameter Small
Proximal AP diameter Large comparable to the European group
Tibia Proximal dimension Disproportion is seen relative to the comparative small
bodied samples
Distal breadth Smallest
Sagittal neck diameter Small
Femur Vertical neck diameter Small
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CHAPTER 5: RESULTS AND ANALYSIS OF THE PALAUAN

CRANIODENTAL SPECIMENS
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Table 61: Palauan specimen list showing mandibles and maxillae with teeth

Specimen Number (BNM) Identification Short description

. Right fragment. has ramus and impacted
B: OR-15:18-006 Mandible M3

B: OR-15:18-007 L. Mandible 2 teeth in situ M3 is impacted
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Mandible Right side fragment with M1 and sockets
B: OR-15:18-036 of C1-mM2
Maxilla Left fragment 12-P4 present (and sockets
B: OR-15:18-051 of M1-M2)
B: OR-15:18-055a Maxilla Right fragment with P3-M1 present
Maxilla Left fragment with C1-M1 associated with
B: OR-15:18-055b B: OR-15:18-055a
B: OR-15:18-082 Maxilla Left fragment with C- P4 present
Comblete Mandible Teeth crowded and are stained on right
B: OR-15:18-083 P 11/2M1/2 present on Left C-M2 present
B: OR-15:18-084 Maxilla Right 12-present on Left C1-P3 present
Maxilla Left side fragment has P4 and sockets for
B: OR-15:18-086 11-P3
N: N
§ < N:
# N
# 2 " 55088 # 0 N:
# it §

Figure 61: The complete mandible, B: OR-15:18-083 this was the only complete mandible recovered. It
shows dental overcrowding in the anterior dentition (Picture by L.R. Berger).

IBI



5.2.1 Results of the Mandibular Dentition of the Palauan Specimens

Mandibular First Incisor (I;) of the Palauan Specimens
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Figure 62: Boxplot for the mesiodistal diameter of 11 showing the comparative groups (N=98 SD =
4175 mean=5.274). The open circles indicate possible outliers in the comparative sample.

Table 62: Descriptive Statistics for the measurements taken on I, The mean, standard deviation (SD),
minimum and maximum are given for each group.

Population group N Min Max Mean SD
Total for the 11 MD 98 23 6.3 5274 2175
comparative sample 11BL 373 24 78 5353 1.1158
European 1L MD 39 23 6.2 5219 4053
11 BL 116 24 6.6 4.982 1.2177
) 11 MD 3 47 53 4.983 2810
KhoiSan 11 BL 3 28 48 3.633 1.0240
Murray Valley 11 MD 0
Aboriginal 11 BL 52 57 7.8 6.560 3922
) 11 MD 0
Northern Chinese 11 BL 17 53 6.7 5.894 4038
_— 11 MD 6 57 6.8 6.095 4309
11 BL 6 6.1 6.8 6.372 2647
— 11 MD 0
Swanport Aboriginal 11 BL 14 5.9 73 6.521 4807
) 11 MD 0
Southern Chinese 11 BL 114 4.8 6.7 5.648 4040
o 11 MD 25 43 59 5.196 4178
11 BL 26 28 55 4283 6910
o 11 MD 31 46 63 5.436 4075
11 BL 31 25 5.0 3.874 6953
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Figure 63: Box Plot for the buccolingual diameters of the mandibular first incisor (11) (N= 373, mean =
5.353std.dev = 1.1158). The open circles indicate the outliers for the comparative sample.

521.2 Mandibular Second Incisor (I,) of the Palauan Specimens
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Table 63: Descriptive statistics of all measurements taken on the mandibular second incisor. The mean,
standard deviation (SD), minimum and maximum are given for each group. BL= buccolingual, MD=
mesiodistal.

Population group N Minimum | Maximum Mean SD
Total for the 12 MD 130 4.4 7.2 5.947 4729
comparative sample  [12 BL 441 2.4 8.8 5.622 1.2013
European 12 MD 45 4.8 6.9 5.851 4152
12 BL 136 2.4 6.9 5.200 1.3356
KhoiSan 12 MD 3 5.2 6.1 5.670 4115
12 BL 2 3.0 4.0 3.535 7142
Murray Valley 12 MD 0
Aboriginal
12 BL 65 5.8 8.8 6.748 .5007
Northern Chinese 12 MD 0
12 BL 21 5.4 6.8 6.124 .3961
Palauan 12 MD 5 5.6 6.6 5.948 .3541
12 BL 5 4.9 6.6 6.028 .6601
Swanport Aboriginal 12 MD 0
12 BL 19 6.1 7.2 6.637 .3483
Southern Chinese 12 MD 0
12 BL 115 5.2 7.2 6.122 .4350
Tswana 12 MD 42 4.4 7.0 6.014 .5553
12 BL 42 2.7 6.3 4,594 .8611
Zulu 12 MD 40 5.1 7.2 6.006 4328
12 BL 41 2.7 5.9 4.262 .8831
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Figure 64: Box Plot for the mesiodistal diameters of the second mandibular incisor. (N=446, SD =
1.196 mean = 5.62). The open circles indicate possible outliers for the comparative sample.
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Figure 65: Boxplot showing the frequency distribution of the BL diameter of the second mandibular
(N=441 mean=5.622, SD =1.201). The open circles and star indicates outliers for the comparative
group.
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5.2.1.3 Mandibular Canine (C) of the Palauan Specimens
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Figure 66: Boxplot of measurements taken for the mesiodistal diameter of the canine (N= 175, SD 0.584
mean = 6.94).
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Table 64: Descriptive statistic for the measurements taken on the canine. The mean, standard
deviation (SD), minimum and maximum are given for each group. BL = Buccolingual, MD =

Mesiodistal.
Comparative Group N Min Max Mean SD
Total for the comparative grou cMD 172 2.7 8.3 6.932 2785
b 9roup F=a1 517 36 0.1 7.266 1.2008
European C MD 57 5.8 7.8 6.676 .4525
P CBL 150 41 8.7 6.649 1.0432
KhoiSan C MD 2 6.2 7.6 6.860 .9758
C BL 3 5.9 6.4 6.090 .2685
Murray Valley Aboriginal €MD 0
CBL 80 7.2 10.1 8.434 .6765
Northern Chinese CMD 0
CBL 29 7.0 8.9 8.017 4465
Palauan C MD 3 7.2 8.2 7.690 4851
CBL 3 7.5 8.2 7.780 4015
Swanport Aboriginal €MD 0
C BL 24 7.6 10.0 8.467 .6438
Southern Chinese €MD 0
CBL 118 6.2 9.1 7.647 6112
Tswana C MD 54 5.7 8.3 7.135 .6766
CBL 53 4.4 9.0 6.811 .8726
Zulu C MD 59 6.0 8.1 6.995 4974
CBL 60 3.6 8.4 6.122 .9306
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Figure 67: Boxplot of measurements taken for the buccolingual diameter of the mandibular canine (N=
178, SD 0.62, mean= 7.73). The open circles represent the outliers for the comparative sample.




5.2.1.4 Mandibular third premolar (P3) of the Palauan specimens

Table 65: Descriptive statistics for the mandibular third premolar, the statistics are separated into the
comparative sample groups. The mean, standard deviation (SD), minimum and maximum are given
for each group. BL= buccolingual, MD= mesiodistal.

Comparative Group N Min Max Mean SD
Total for comparative P3 MD 5.8 8.7 7.083 .5378 197
sample P3 BL 5.6 10.4 8.059 7596 516
European P3 MD 61 5.8 7.9 6.823 4439
P3 BL 125 6.2 8.7 7.537 .5270
KhoiSan P3 MD 3 6.4 6.9 6.617 2732
P3 BL 3 7.7 8.1 7.880 .1908
Murray Valley Aboriginal | P3 MD 0
P3 BL 77 7.6 10.4 8.926 5732
Northern Chinese P3 MD 0
P3 BL 34 7.1 9.9 8.012 .6044
Palauan P3 MD 11 7.1 8.3 7.654 4770
P3 BL 11 7.7 9.7 8.515 .5385
Swanport Aboriginal P3 MD 0
P3 BL 25 8.1 10.3 9.312 .6051
Southern Chinese P3 MD 0
P3 BL 116 6.4 9.3 7.928 .5658
Tswana P3 MD 59 5.9 8.7 7.095 .5729
P3 BL 61 5.6 9.0 7.757 .5944
Zulu P3 MD 74 6.2 8.7 7.306 .4855
P3 BL 75 6.6 9.3 8.100 5172
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Figure 68: Boxplot showing of measurements taken for the mesiodistal (MD) diameter of the
mandibular third premolar. (N= 208, SD 0.545, mean = 7.1).
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Figure 69: Boxplot showing measurements taken for the buccolingual (BL) diameter of the mandibular
third premolar in this graph B:OR 15:18-071 is an outlier for the Palauan sample. (N= 516, mean =
8.059 SD = 0.7596).

5215 Mandibular Fourth premolar (P,) of the Palauan Specimens
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Table 66: Descriptive statistics for measurements taken on the mandibular fourth premolar. The
mean, standard deviation (SD), minimum and maximum are given for each group. BL= Buccolingual,
MD= Mesiodistal.

Comparative Group N Min Max Mean SD
Total for the P4 MD 163 5.4 11.0 7.302 .7843
comparative sample P4 BL 500 6.1 10.9 8.403 6824
European P4 MD 40 6.2 8.3 7.102 5097
P4 BL 127 6.6 9.3 8.117 5710
KhoiSan P4 MD 3 6.5 7.9 6.943 .7939
P4 BL 3 7.8 9.1 8.407 .6726
Murray Valley P4 MD 0
Aboriginal P4 BL 73 7.3 10.7 9.018 6347
Northern Chinese P4 MD 0
P4 BL 35 7.3 9.5 8.334 .5352
Palauan P4 MD 3 7.4 8.5 7.077 .6126
P4 BL 3 7.9 9.8 8.737 .9897
Swanport Aboriginal P4 MD 0
P4 BL 23 7.9 10.1 9.017 .6020
Southern Chinese P4 MD 0
P4 BL 116 6.8 9.5 8.208 5601
Tswana P4 MD 56 5.4 11.0 7.434 1.0089
P4 BL 58 6.1 10.5 8.424 .6810
Zulu P4 MD 64 6.0 10.5 7.327 .6818
P4 BL 65 6.9 10.9 8.424 .6832
— # # " #$ N > # -
2 - 7%8&." %8 > # / #
7%88." 8%




Pauar] -
o Tswana-| @ |—| I |—| o)
>
o
S
o
c
=
)
=]
[-}
[«
o
European- |—| I |—|
T T T T
53 6.3 7.3 8.3 9.3
P4 MD

Figure 70: a) Box Plot for the mesiodistal (MD) diameters of the mandibular P4, (N= 167, SD = 0.839,
mean = 7.33). The open circles indicate outliers for the comparative sample.
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Figure 71: a) Box Plot for the buccolingual (BL) diameters of the mandibular P4. The open circles
indicate outliers for each of the comparative groups.
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5.2.1.6 Mandibular First Molar (M;) of the Palauan Specimens
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Table 67: Descriptive statistics for the measurements taken on the mandibular first molar. BL =

##

buccolingual, MD = mesiodistal. The mean, standard deviation (SD), minimum and maximum are

given for each group.

Population Group N Min Max Mean SD
Total for the M1 MD 112 9.7 12.7 11.136 .5651
comparative sample | M1 BL 392 9.1 13.6 10.819 8781
European M1 MD 24 9.7 12.4 11.068 .6915

M1 BL 90 9.1 11.9 10.288 .5286
KhoiSan M1 MD 3 10.3 11.1 10.773 4168

M1 BL 4 10.2 10.8 10.555 .2866
Murray Valley M1 MD 0
aeelonsl M1 BL 57 10.6 13.5 12.156 | 6199
Northern Chinese M1 MD 0

M1 BL 30 9.6 12.2 10.693 .5394
Palauan M1 MD 11 11.2 13.6 12.350 .6834

M1 BL 11 10.7 12.3 11.331 .5065
Swanport Aboriginal M1 MD 0

M1 BL 25 11.0 13.6 12.092 .5979
Southern Chinese M1 MD 0

M1 BL 105 9.4 12.0 10.487 5577
Tswana M1 MD 34 9.7 12.0 11.056 .5380

M1 BL 34 9.7 11.5 10.395 .4908
Zulu M1 MD 50 10.4 12.7 11.228 .5080

M1 BL 47 9.2 11.9 10.691 AT72
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Figure 72: Box Plot for the mesiodistal (MD) diameters of the mandibular M1 (N= 123, mean = 11.26,
SD 0.709).
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Figure 73: Box Plot for the buccolingual (BL) diameters of the mandibularM1. (N= 403, mean =10.8,
SD =0.87). The open circles indicate the outliers for each of the comparative sample groups.

5217 Mandibular Second Molar (M;) of the Palauan Specimens
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Figure 74: Boxplot showing of measurements taken on the comparative sample for the mesiodistal
(MD) diameter of the mandibular M,. The open circles indicate outliers for the comparative sample.
(N =133, SD =0.755, mean = 10.75).
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Figure 75: Boxplot showing the measurements taken on the comparative sample for the buccolingual
(BL) diameter of the mandibular M2. The open circles indicate outliers for the comparative sample.
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Table 68: Descriptive statistics for the measurements taken on the mandibular second molar. The
mean, standard deviation (SD), minimum and maximum are given for each group. BL = buccolingual,
MD = mesiodistal.

Population group N Min Max Mean SD

Total for the comparative M2 MD 128 8.6 12.9 10.712 7321
sample M2 BL 456 8.1 13.6 10.567 .9538
European M2 MD 21 9.7 12.2 10.858 .7351

M2 BL 108 8.1 11.7 10.027 .6592
KhoiSan M2 MD 3 9.9 10.6 10.227 .3656

M2 BL 2 10.0 10.6 10.330 .4384
Murray Valley Aboriginal M2 MD 0

M2 BL 66 10.2 13.6 11.912 .6763
Northern Chinese M2 MD 0

M2 BL 33 9.6 11.5 10.473 4752
Palauan M2 MD 5 10.9 12.7 11.726 7472

M2 BL 5 10.2 11.1 10.712 4547
Swanport Aboriginal M2 MD 0

M2 BL 29 10.5 13.5 11.900 .7973
Southern Chinese M2 MD 0

M2 BL 112 8.3 11.8 10.132 6112
Tswana M2 MD 47 8.6 12.9 10.621 .8271

M2 BL 50 8.4 12.7 10.330 .6894
Zulu M2 MD 56 9.5 12.1 10.748 .6544

M2 BL 56 8.8 11.6 10.476 .6094

5.2.2 Results of the Maxillary Dentition of the Palauan Specimens

5.2.2.1 Maxillary First Incisor (1') of the Palauan Specimens
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Figure 76: Boxplot showing the mesiodistal (MD) diameters of the maxillary first incisor. (N =48 SD =

0.6051, mean= 8.775).

Table 69: Descriptive statistics for the measurements taken on the maxillary first incisor of the
comparative sample. The mean, standard deviation (SD), minimum and maximum are given for each
group. BL= buccolingual, MD = mesiodistal. Four specimens represent the Palauan sample.

Population group N Min Max Mean SD
Total for the comparative 11IMD 48 7.4 10.2 8.775 .6051
sample
11BL 327 2.6 9.2 6.934 1.2581
European 11IMD 20 7.5 9.9 8.675 5794
& 11BL 101 2.6 8.4 6.361 1.3160
. 11IMD 0
Murray Valley Aboriginal
11BL 69 6.6 9.1 8.026 4721
. 11IMD 0
Northern Chinese
11BL 21 6.3 8.1 7.295 4522
Palauan 11IMD 4 8.0 9.4 8.750 .5802
11BL 4 6.9 7.3 7.150 .1915
. I1IMD 0
Swanport Aboriginal
11BL 19 7.3 9.2 8.032 .5628
. I1IMD 0
Southern Chinese
11BL 84 5.9 8.5 7.145 4798
Tswana I1IMD 18 7.4 10.2 8.922 .6744
11BL 21 3.6 7.3 5.233 .9651
Zulu 11IMD 10 7.9 9.5 8.710 .5238
11BL 12 3.1 6.2 4.592 .8939
N > # - 2 - 98" %8
> #  / # # Th8&" 8§

"CF



Sw anport Aboriginat| —

Murray Valley Aboriginal] o I

g' Northern Chinese™| o ——

(o]

)

! Southern Chinese| [eee) I o

2

=

‘_; Palauan —0a

&

o European-| oo oo oo I ————
Tswana—| — e

zu-—————

3.0 4.0 5.0 6.0 7.0 8.0 9.0 10.
MBL

Figure 77: Boxplot showing data for the buccolingual (BL) diameter of the maxillary first incisor. (N =
327, mean = 6.934, SD = 1.2581). The open circles indicate the outliers of each of the represented
groups.



5.2.2.2 Maxillary Second Incisor (1) of the Palauan Specimens

Table 70: Descriptive statistics for the measurements taken on the maxillary second incisor. The mean,
standard deviation (SD), minimum and maximum are given for each group. BL = buccolingual, MD=
mesiodistal.

Population group N Min Max Mean SD
Total for the 12MD 87 5.6 8.3 6.807 5744
comparative sample 12BL 397 2.6 8.4 6.132 1.0290
European 12MD 23 5.6 7.9 6.509 .6193
P 12BL 105 3.0 7.2 5.685 1.0055
KhoiSan 12MD 2 6.2 6.7 6.450 .3536
12BL 3 4.4 5.8 5.100 .7000
o I2MD 0
Murray Valley Aboriginal
12BL 82 5.8 8.0 6.934 4140
12MD 0
Northern Chinese
12BL 24 5.9 7.4 6.654 4672
Palauan 12MD 10 6.4 8.3 7.350 .6964
12BL 10 5.6 8.6 6.750 .9034
o 12MD 0
Swanport Aboriginal
12BL 34 5.8 8.4 7.009 .6388
] I2MD 0
Southern Chinese
12BL 84 5.3 7.2 6.394 .4465
Tswana 12MD 29 6.1 8.3 6.990 5274
12BL 32 3.2 7.1 4,931 .8899
Zulu 12MD 33 5.8 8.0 6.876 .5184
12BL 33 2.6 6.8 4.870 .8935
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Figure 78: Photo of B: OR-15:18-051, a left partial maxilla with I*, C, P* and P*. This tooth has a high
degree of wear [i.e., stage 3 as per the scale provided by Molnar (1971)]. Picture by: L.R. Berger.
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Figure 79: Boxplot showing the distribution for the mesiodistal (MD) diameter of the maxillary second
incisor. (N = 87, SD 0.605, mean= 6.86).
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Figure 80: Boxplot for the buccolingual (BL) diameter of the maxillary second incisor (N = 397 mean =
6.132 SD =1.0290). For the Palauan group B:OR -14:8-153 is a large measurement.

5223 Maxillary Canine (C) of the Palauan Specimens
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Table 71: Descriptive statistics for the measurements taken on the maxillary canine. The mean,
standard deviation (SD), minimum and maximum are given for each group. BL= buccolingual, MD =

mesiodistal.
|Population group IN Min Max Mean SD
Total for the comparative sample CMD 195 6.0 9.0 /548 2299
P P [CBL  |as3 4.9 11.2 8.126 1.1071
[ cvD |39 68 55 7 562 2121
[Furop ceL |23 4.9 9.9 7,533 10712
R cvMD |5 6.0 7.9 6.780 7497
cBL |5 6.4 5.6 7480 8319
I - cvD o
IRVl AlREg i cBL |82 7.7 11.2 0.248 7184
) cMD o
NS EnEsE cBL |8 7.6 0.6 8.661 5500
b atauan cvD o 75 0.4 8.556 6267
ceL |s 7.2 10.0 8.425 9377
— cvD o
SIEEE AREg e cBL |39 8.0 10.6 9.118 6261
) cMD o
SRUEm EmEse cBL o3 6.5 10.0 8.237 6934
S cvD a9 6.1 5.3 7516 5313
cBL  |ao 5.6 0.0 7.449 7185
Lo CMD o1 6.6 9.0 7 646 5214
cBL |63 5.1 0.7 7438 9464

Nine specimens represent the Palauan sample. Data for the European, Khoisan, Zulu and Tswana were collected by the|

[Mirriam Tawane (2012) and data for the European, Chinese groups and Aboriginal groups obtained from Brown (2001).
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Figure 81: Boxplot showing the distribution for the mesiodistal (MD) diameter of the maxillary canine.
(N =164, SD = 0.561, mean =7.6). The open circles indicate outliers for the comparative sample.
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Figure 82: a) Boxplot showing the distribution for the buccolingual (BL) diameter of the maxillary
canine. (N =483 mean = 8.12, SD = 1.1071). The open circles indicate outliers in the comparative
sample.

5224 Maxillary Third premolar (P®) of the Palauan Specimens
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Table 72: Descriptive statistics for the measurements taken on the maxillary third premolar. The
mean, standard deviation (SD), minimum and maximum are given for each group. BL= Buccolingual,
MD= mesiodistal.

Population group N Min Max Mean SD
Total for the comparative P3MD 157 5.4 8.4 7.000 .5128
sample P3BL 453 6.1 12.1 9.468 .8532
European P3MD 36 5.6 7.8 6.842 .5369
P P3BL 97 7.1 10.3 8.754 .6502
KhoiSan P3MD 4 5.4 7.7 6.575 .9430
P3BL 4 7.9 10.0 8.900 .8602
. P3MD 0
Murray Valley Aboriginal
P3BL 79 8.4 12.0 10.366 .6459
. P3MD
Northern Chinese
P3BL 33 8.3 11.0 9.573 .5479
Palauan P3MD 6 7.2 7.9 7.550 .2588
P3BL 5 9.2 10.3 9.660 4393
. P3MD 0
Swanport Aboriginal
P3BL 34 8.7 12.1 10.37 .701
. P3MD 0
Southern Chinese
P3BL 89 8.1 10.9 9.431 .5491
Tswana P3MD 45 6.0 8.4 7.011 4448
P3BL 46 7.6 10.4 9.187 .4593
Zulu P3MD 72 5.8 8.2 7.096 4932
P3BL 70 8.0 11.0 9.269 6747
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Figure 83: Boxplot showing the distribution for the buccolingual (BL) diameter of the maxillary third
premolar. (N=183, SD 0.517, mean 7.01). The open circles indicate the outliers for the comparative
sample.
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Figure 84: Boxplot showing the distribution for the buccolingual (BL) diameter of the maxillary third
premolar. (N 453, SD = 0.8532, mean = 453). The open circles indicate outliers for the comparative
sample.

5.2.25 Maxillary Fourth Premolar (P*) of the Palauan Specimens
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Table 73: Descriptive statistics for the measurements taken on the maxillary fourth premolar. The
mean, standard deviation (SD), minimum and maximum are given for each group. BL= buccolingual,
MD= mesiodistal.

Population group N Min Max Mean SD
Total for the P4AMD 166 4.8 8.1 6.760 4969
comparative sample PABL 511 5.8 12.4 9.424 .8245
European PAMD 37 5.8 7.6 6.800 4466
b P4BL 120 7.4 10.5 8.963 5770
KhoiSan PAMD 5 4.8 7.0 6.120 .8526
P4BL 5 7.7 10.2 8.840 .9864
Murray Valley P4MD 0
Aboriginal P4BL 90 9.1 12.4 10.283 .6535
. PAMD
Northern Chinese
P4BL 32 7.3 10.6 9.500 .6185
Palauan PAMD 5 7.2 8.3 7.600 .5148
P4BL 4 9.2 10.1 9.825 4272
o PAMD 0
Swanport Aboriginal
P4BL 46 6.5 12.3 10.039 .9625
. PAMD 0
Southern Chinese
P4BL 93 7.3 10.4 9.194 .6232
Tswana PAMD 53 5.7 7.9 6.734 4771
P4BL 55 8.3 10.2 9.195 .4680
Zulu PAMD 71 5.8 8.1 6.803 4861
P4BL 69 7.4 10.8 9.249 .6617
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Figure 85: Boxplot showing the distribution for the mesiodistal (MD) diameter of the maxillary fourth

premolar. (N=170, SD = 0.517 mean = 6.78). The open circles indicate the outliers for the comparative
sample.
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Figure 86: Boxplot showing the distribution for the buccolingual diameter of the maxillary fourth
premolar. (N =511, SD =0.824 mean = 9.42). The open circles indicate the outliers for the comparative
sample.

5.2.2.6  Maxillary First Molar (M*) of the Palauan Specimens
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Table 74: Descriptive statistics for the measurements taken on the maxillary first molar.The mean,
standard deviation (SD), minimum and maximum are given for each group. BL= buccolingual, MD =
mesiodistal.

Population group N Min Max Mean SD
Total for the comparative M1MD 167 9.1 12.9 10.67 .708
sample M1BL 500 8.4 14.7 11.54 1.05
European M1MD 40 9.1 12.3 10.70 673
P M1BL 119 8.5 12.7 11.06 718
KhoiSan M1MD 6 9.3 11.1 10.13 723
M1BL 6 9.4 11.6 10.71 .798
o M1MD 0
Murray Valley Aboriginal
M1BL 82 11.4 14.7 12.96 .625
. M1MD 0
Northern Chinese
M1BL 31 10.7 13.1 11.55 .593
Palauan M1MD 5 10.1 12.6 11.44 1.07
M1BL 5 11.1 13.4 12.62 973
o M1MD 0
Swanport Aboriginal
M1BL 43 11.5 14.5 12.83 .693
] M1MD 0
Southern Chinese
M1BL 94 9.3 12.7 11.25 581
Tswana M1MD 50 9.1 12.9 10.7 .870
M1BL 53 8.4 12.0 10.69 .697
Zulu M1MD 70 9.3 12.0 10.61 578
M1BL 71 9.7 12.8 11.06 .67
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Figure 87: Boxplot showing the distribution for the mesiodistal (MD) diameter of the maxillary first
molar. (N = 172, SD 0.73, mean = 10.7). The open circles indicate outliers for each of the comparative
groups.
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Figure 88: Boxplot showing the distribution for the buccolingual (BL) diameter of the maxillary first
molar. (N =500, SD = 1.05, mean = 11.548). The open circles indicate outliers for the comparative
groups.

5.2.2.7 Maxillary Second Molar (M?) of the Palauan Specimens
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Table 75: Descriptive statistics for the measurements taken on the maxillary second molar. The mean,
standard deviation (SD), minimum and maximum are given for each group. BL = buccolingual, MD =
mesiodistal.

Population group N Min Max Mean SD
Total for the M2MD 145 7.6 12.5 10.077 .8371
comparative sample M2BL 500 9.1 16.2 11.812 1.2335
European M2MD 36 7.6 11.4 9.836 9314
P M2BL 125 9.2 13.1 11.090 .7530
KhoiSan M2MD 3 8.7 9.9 9.433 .6429
M2BL 3 10.6 11.5 11.133 4726
o M2MD 0
Murray Valley Aboriginal
M2BL 90 11.5 15.7 13.468 7722
] M2MD 0
Northern Chinese
M2BL 33 10.9 12.7 11.721 5171
Palauan M2MD 5 8.8 11.7 10.400 1.1068
M2BL 5 10.9 13.5 12.280 1.1009
o M2MD 0
Swanport Aboriginal
M2BL 50 11.7 16.2 13.194 .9296
] M2MD 0
Southern Chinese
M2BL 92 9.1 12.9 11.265 .7084
Tswana M2MD 39 8.3 12.5 10.197 .9063
M2BL 40 9.7 12.9 11.040 7117
Zulu M2MD 67 8.5 12.0 10.166 .7185
M2BL 67 9.5 12.7 11.188 7042
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Figure 89: Boxplot showing the distribution for the mesiodistal (MD) diameter of the maxillary second
molar. (N= 150, SD = 0.848, mean = 10.08) The open circles indicate the outliers for each of the
comparative groups.
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Figure 90: Boxplot showing data for the buccolingual (BL) diameter of the maxillary second molar. (N
=500, SD = 1.2335, mean = 11.812). The open circles indicate outliers for the comparative group.

5.2.3 Results of the Cervico-enamel Junction of the Palauan Specimens

5.2.3.1 Mandibular Dentition Cervico-enamel- Junction of the Palauan Specimens
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Table 76: Descriptive statistics for the cervico-enamel junction (CEJ) measurements taken on the
mandibular dentition of the comparative sample. The mean, standard deviation (SD), minimum and
maximum are given as a mean for the comparative sample.

Cervico-enamel junction N Min | Max Mean SD

IZCEJ(MD) 105 | 29| 47 3.768 | .3665

I1 CEJ(BL) 105 | 45| 6.7 5758 | .3971

12 CEJ(MD) 131| 30| 56 4200 | 4412

12 CEJ(BL) 135 | 41| 79 6.155 | .4789

‘Tg C CEJ(MD) 175 | 45| 73 5669 | .5328
% C CEJ(BL) 179 | 61| 94 7.732 | 6188
E | P3CEJ(MD) 205| 37| 83 5578 | 5761
g P3 CEJ(BL) 211 | 61| 92 7.873 | 5817
§ P4 CEJ(MD) 159 | 45| 97| 5726 .8306
£ | P4CEJ(®BL) 168 | 65| 121 8.362 | .7430
S |'mi CEJ(MD) 124 | 76| 114 9.340 | .6896
M1 CEJ(BL) 118 | 87| 120 | 10441 | .6396

M2 CEJ(MD) 140 | 73| 115 9.637 | .7387

M2 CEJ(BL) 140 | 88| 127 | 10.39 | .6369
IZCEJ(MD) 5 4 4 400 | .158

11 CEJ(BL) 5 6 7 6.06  .378

12 CEJ(MD) 5 4 4 3.92 | 148

12 CEJ(BL) 5 5 7 6.10 | .436

» | CCEJ(MD) 3 6 7 6.17 | 379
é C CEJ(BL) 3 8 8 807 | .153
$ | P3CEJ(MD) 8 5 5 5.23 .255
‘§ P3 CEJ(BL) 8 7 8 741 | 402
% P4 CEJ(MD) 2 5 5 525 | 212
& pa CEJ(BL) 2 7 7 6.75 |  .354
M1 CEJ(MD) 7 8 11 984 | 925

M1 CEJ(BL) 7 9 11 9.96 | .892

M2 CEJ(MD) 5 9 11 9.78 | 753

M2 CEJ(BL) 5 9 10 918 | 277

N > # - 2 - 7048”988
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Figure 91: Bivariate plot of the mesiodistal cervico-enamel [CEJ (MD)] diameter and the
corresponding mesiodistal (MD of the crown) diameter of the mandibular third premolar. (For sample
size, please see Table 76. The line shown in the diagram represents a linear regression.
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Figure 92: Bivariate plot of the buccolingual cervico-enamel [CEJ (BL)] diameter and the
corresponding buccolingual (BL) diameter of the mandibular third premolar. (For sample size, please
see Table 76). The line shown in the diagram represents a linear regression R’= 0.502.
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Figure 93: Bivariate plot of the mesiodistal cervico-enamel [CEJ (MD)] diameter and the
corresponding mesiodistal (MD) diameter of the mandibular fourth premolar. (For sample size, please
see Table 76 ). The line shown in the diagram represents a linear regression R?= 0.498.
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Figure 94 Bivariate plot of the mesiodistal cervico-enamel [CEJ (MD)] diameter and the corresponding
mesiodistal (MD) diameter of the mandibular first molar. (For sample size, please see Table 76). The
line shown in the diagram represents a linear regression R*= 0.313.
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Figure 95: Bivariate plot of the buccolingual cervico-enamel [CEJ (BL)] diameter and the
corresponding buccolingual (BL) diameter of the mandibular first molar. (For sample size, please see
Table 76). The line shown in the diagram represents a linear regression R’= 0.282.
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Figure 96: Bivariate plot of the mesiodistal cervico-enamel [CEJ (MD)] diameter and the
corresponding mesiodistal (MD) diameter of the mandibular second molar. (For sample size, please see
Table 76). The line shown in the diagram represents a linear regression R’= 0.394.
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Figure 97: Bivariate plot of the buccolingual cervico-enamel [CEJ (BL)] diameter and the
corresponding buccolingual (BL) diameter of the mandibular second molar. (For sample size, please
see Table 76). The line shown in the diagram represents a linear regression R°= 0.592.
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Figure 98: Bivariate plot of the mesiodistal cervico-enamel [CEJ (MD)] diameter and the
corresponding mesiodistal (MD) diameter of the maxillary third premolar. (For sample size, please see
Table 76).
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Figure 99: Bivariate plot of the buccolingual cervico- enamel [CEJ (BL)] diameter and the
corresponding buccolingual (BL) diameter of the maxillary fourth premolar. (For sample size, please
see Table 76).
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Figure 100: Bivariate plot of the mesiodistal cervico-enamel [CEJ (MD)] diameter and the
corresponding mesiodistal (MD) diameter of the maxillary fourth premolar.
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Figure 101: Bivariate plot of the buccolingual cervico-enamel [CEJ (BL)] diameter and the
corresponding buccolingual (BL) diameter of the maxillary fourth premolar. (For sample size).
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Figure 102: Bivariate plot of the mesiodistal cervico-enamel [CEJ (MD)] diameter and the
corresponding mesiodistal (MD) diameter of the maxillary first molar.
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Figure 103: Bivariate plot of the buccolingual cervico-enamel [CEJ (BL)] diameter and the
corresponding buccolingual (BL) diameter of the maxillary first molar.
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Figure 104: Bivariate plot of the mesiodistal cervico-enamel [CEJ (MD)] diameter and the
corresponding mesiodistal (MD) diameter of the maxillary second molar.
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Figure 105: Bivariate plot of the buccolingual cervico-enamel [CEJ (BL)] and the corresponding
buccolingual (BL) diameter of the maxillary second molar.
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Table 77: Summary for all dental measurements taken on the Palauan specimens.

Measurement | Predicted result | Actual Result” Measurement | Predicted Actual Result
result
Mandibular Maxillary
11(BL) Small Average 11(BL) Small Large SA
11(MD) Small Large MVA 11(MD) Small Average T
12(MD) Small Average T 12(MD) Small Large KS
12(BL) Small Large 12(BL) Small Largest SC
C(BL) Small Average MVA C(BL) Small Average SC
C(MD) Small Small C(MD) Small Largest
P3(BL) Small Large P3(BL) Small Large SC
P3(MD) Small Largest P3(MD) Small Largest
P3 CEJ(MD) Small Average P3 CEJ(MD) Small Average
P3 CEJ(BL) Small Small-Average P3 CEJ(BL) Small Small
P4(BL) Small Large SA P4(BL) Small Large MVA
P4(MD) Small Largest P4(MD) Small Largest
P4 CEJ(MD) Small Average P4 CEJ(MD) Small Average
P4 CEJ(BL) Small Small P4 CEJ(BL) Small Average
M1(BL) Small Large M1(BL) Small Large
M1(MD) Small Largest M1(MD) Small Largest T
M1 CEJ(MD) Small Large M1 CEJ(MD) Small Average
M1 CEJ(BL) Small Average M1 CEJ(BL) Small Large
M2 (BL) Small Large M2 (BL) Small Average SA
M2 (MD) Small Largest M2 (MD) Small Largest T
M2 CEJ(MD) Small Average M2 CEJ(MD) Small Average
M2 CEJ(BL) Small Small M2 CEJ(BL) Small Large
$( M Q # : # M Q #
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Population means for each measurement taken on the Mandibular
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Figure 106: Univariate plot of the means for all mandibular tooth measurements. Each groups from
the comparative sample is represented (For sample sizes, please see Section 5.2.1).
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Figure 107: Univariate plot of the means for all maxillary tooth measurements. Each group from the
comparative sample is represented (For sample size, please see Section 5.2.1)
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Comparison of Mandibular vs. Maxillary tooth data
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Figure 108: Bivariate plot of the overall means of the maxillary and mandibular tooth data for each
group.
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Table 78: Descriptive statistics for the orbital and interorbital breadth dimensions of the comparative
sample. The mean, standard deviation (SD), minimum and maximum are given for each group.

Group Measurement N Min | Max Mean SD
) Orbital Breadth 493 | 35.0 | 48.0 40.657 2.5791
Total for the comparative sample - = e 1 60 | 200 | 31.0 | 24.356 | 23790
Orbital Breadth 138 | 35.0 | 45.0 | 39.828 2.0977
European -
Interorbital Breadth 48 20.0 | 31.0 24.229 2.2620
. Orbital Breadth 12 | 36.1 | 40.0 | 38.018 1.3498
KhoiSan -
Interorbital Breadth 12 21.6 | 29.0 24.871 2.8524
Murray Valley Aboriginals Orbital Breadth 96 | 38.0 | 48.0 | 43.448 2.1367
Northern Chinese Orbital Breadth 37 | 37.0 | 44.0 | 40.297 1.7137
Orbital Breadth 4 325 | 37.0 | 34.950 2.2898
Palauan )
Interorbital Breadth 4 23.8 | 29.0 | 26.450 2.1794
Swanport Aboriginals Orbital Breadth 52 | 40.0 | 46.0 | 42.904 1.5499
Southern Chinese Orbital Breadth 66 | 35,5 | 46.0 | 39.621 2.0269
Tswana Orbital Breadth 10 | 36.1 | 40.2 | 38.474 1.5258
Zulu Orbital Breadth OB 82 | 36.2 | 45.1 | 39.008 1.4260
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Figure 109: Boxplot showing the distribution of the orbital breadth measurements. (N= 493, mean =
40.65, SD = 2.5791). The open circles and stars indicate outliers within the data.
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Figure 110: Boxplot showing the distribution curve for the interorbital breadth measurements. Data
for this measurement do not follow a normal distribution curve.
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Figure 111: Bivariate plot showing the orbital breath against the interorbital breadth of the same
individual. The table give the correlation coefficients for each population. There a significant
correlation for the Orbital and Interorbital breadths of the European group.

Figure 112: Shows the inflated glabella of the Palauan specimens. Specimen B: OR-14:8-001 has a
large interorbital area and a small orbital measurement, Picture by L.R. Berger.
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5.5.1 Symphyseal height of the Palauan Specimens
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Table 79: Descriptive statistics for symphyseal height of the mandible. The mean, standard deviation
(SD), minimum and maximum are given for each group.

Population Group N Min Max Mean SD

Total for the comparative

318 235 43.0 32.813 3.5643
sample
European 85 23.5 39.0 31.053 3.3140
KhoiSan 5 26.5 37.6 30.280 4.3849
Murray Valley Aboriginal 86 29.0 43.0 34.477 3.1724
Northern Chinese 32 28.0 37.0 33.625 2.4063
Palauan 4 26.6 35.6 29.975 4.0086
Swanport Aboriginal 32 25.0 36.0 30.844 3.0386
Southern Chinese 73 24.0 41.0 33.774 3.4861
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Figure 113: Boxplot showing the distribution for symphyseal height of the mandible. (N=320, mean =
32.8 SD = 3.56).

5.5.2 Symphyseal breadth of the Palauan Specimens
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Table 80: Descriptive statistics for symphyseal breadth separated into the different groups of the
comparative sample. The mean, standard deviation (SD), minimum and maximum are given for each
group.

Population Group N Min Max Mean SD
iz (517 (e GRRErEive 323 10.5 20.0 14.935 1.6747
sample
European 91 10.5 19.0 14.604 1.8760
Murray Valley Aborigines 87 12.0 20.0 15.310 1.4492
Northern Chinese 33 11.0 18.0 15.000 1.4361
Palauan 4 13.3 15.7 14.625 1.0112
Swanport Aborigines 33 12.0 17.0 14.364 1.1677
Southern Chinese 74 11.0 19.0 15.081 1.8432
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Figure 114: Boxplot showing the distribution of the data collected for the symphyseal breadth of the
mandible.
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Figure 115: Bivariate plot of the mean symphyseal height and breadth for each group of the
comparative sample. European n=92, Murray Valley Aboriginal n= 87, Palauan n=4, Swanport
Aboriginal n=34, Southern Chinese n=74,
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5.5.3 Molar breadth at M1/M2 of the Palauan Specimens

Table 81: Descriptive statistics for breadth measured at the M1/M2 junction. The mean, standard
deviation (SD), minimum and maximum are given for each group.

Population Group N Min Max Mean SD
Total for the comparative sample 304 10.0 20.0 13.905 1.7265
European 76 10.0 17.0 12.737 1.5800
Murray Valley Aboriginal 84 11.0 18.0 13.940 1.5628
Northern Chinese 33 12.0 18.0 15.242 1.3470
Palauan 8 12.3 16.9 14.638 1.5856
Swanport Aboriginal 32 12.0 18.0 14.594 1.4997
Southern Chinese 74 10.0 17.5 14.088 1.4790
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Figure 116: Boxplot showing the distribution of measurements of the breadth of the mandible taken at
the M1/M2 junction. (N= 304, mean 13.9, SD = 1.72)
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5.5.4 Ramus height of the Palauan Specimens

Table 82: Descriptive statistics for ramus height separated into the groups of the comparative sample.

The mean, standard deviation (SD), minimum and maximum are given for each group.

Population Group N Minimum | Maximum Mean SD
Total for the comparative 319 38.0 72.0 54.875 6.8306
sample
European 88 38.0 72.0 53.727 7.3277
Murray Valley Aboriginal 87 43.0 66.0 53.437 5.2930
Northern Chinese 33 49.0 71.0 60.970 5.7526
Palauan 2 51.5 61.6 56.550 7.1418
Swanport Aboriginal 32 45.0 69.0 57.344 5.9439
Southern Chinese 76 40.0 71.0 53.987 7.0777
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Figure 117: Boxplot showing the distribution of measurements taken for ramus height of the mandible.

(N= 320, SD 6.54, mean =54.91)
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5.5.5 Ramus Breadth of the Palauan Specimens
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Table 83: Descriptive statistics for ramus breadth separated of the comparative sample. The mean,
standard deviation (SD), minimum and maximum are given for each group.

Population Group N Min Max Mean SD
Total for the comparative 331 23.0 44.0 32.831 3.4935
sample
JEuropean 99 23.0 38.0 30.631 3.4807

Murray Valley Aboriginal 87 28.0 41.0 33.632 2.6064

Northern Chinese 33 25.0 39.0 32.758 3.1128

Palauan 2 31.7 36.2 33.950 3.1820

Swanport Aborigines 32 27.0 44.0 36.125 3.4711

Southern Chinese 77 27.0 41.0 33.383 2.9154
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Figure 118: Boxplot showing the distribution of measurements taken for ramus breadth of the
mandible, (N = 333, SD = 3.42, mean = 33.12).
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Figure 119: Bivariate plot of the mandibular ramus height and breadth. Each plot is separated into the
different groups of the comparative sample (For sample sizes, please see Table 83 & Table 84).

Population Means for each measurement taken on the Mandible

60.0 "
s European
50.0 4 :
»  KhoiSan
s Murray Valley
g 4004 Aborigines
@ s Northern Chinese
=
30.0 | —a— Palauan
= Swanport
200 Aborigines .
s Southern Chinese
10.0 . . T T !
Symphyseal ~ Symphyseal Ramus Ramus Height Molar Breadth
Height Breadth Breadth at M1/M2
Measurements

Figure 120: Univariate plots comparing means of all measurements taken on the mandible, separated
into the different groups of the comparative sample.
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Figure 121: Image showing the fragmented nature of the mandibles recovered. Specimen B: OR-15:18-
006 was collected from Omedokel Cave and has an impacted third molar in the crypt.

BSC " #

Table 84: Summary for all cranial and mandibular measurements taken on the Palauan specimens. In
the predicted results, “Small” means that it plots similarly to small-bodied groups, and “large” means
it plots similarly to larger bodied groups. “Average” means that it plots near the mean.

% Orbital Breadth Small Smallest

© Interorbital Breadth | Small Largest
Symphyseal Height | Small Average
Symphyseal
Breadth Small Average
Molar Breadth At

[

5 M1/M2 Small Average

©

S Ramus Height Small Average

= Ramus Breadth Small Average
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CHAPTER 6: COMPARISON OF PALAUAN

SIZE

# 5 -

##

1§38

*5C38§

BODY SIZE AND TOOTH

Table 85: shows the overall means for both postcrania and tooth size (mandibular and maxillary). The
third column indicates the ratio of tooth size/body size for each group where the data was available.

Data for the European, Southern Chinese and Aboriginal group obtained from Brown (2001). The
overall postcranial mean is calculated by averaging all the postcranial measurements for each

specimen. The overall tooth size mean is calculated by averaging all the dental measurements available

for each specimen.

vzl Overall Mean
Group postcranial 100th size Ratio

Mean
Andamanese 42.566 / /
European 70.814 8.007 0.11307117
Khoisan 46.2486 7.95 0.17189726
Aboriginals 80.9952 9.646 0.119093417
Nicobar Islander 37.375 / /
Palauan 44.5759 8.943 0.200624328
Pygmy from the Congo 41.711 / /
Southern Chinese 71.210 8.584 0.120545073
Zulu 65.9882 7.84 0.118809068
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Figure 122: Bivariate plot of femoral head SI and the mean tooth size for each group in the

comparative sample.
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Figure 123: Bivariate plot of humeral head SI and the mean tooth size for each group in the
comparative sample.
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Figure 124: Bivariate plot of the maximum acetabular diameter and mean tooth size for each group in
the comparative sample.
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Figure 125: Bivariate plot of superior iliac breadth and mean tooth size for each group in the
comparative sample.
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Figure 126: Bivariate plot of tibial maximum proximal epiphyseal breadth and the mean tooth size for
each group in the comparative sample.
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CHAPTER 7: THE PALAUAN SPECIMENS AND THEIR IMPLICATIONS

FOR
Homo floresiensis # ) 9 ;
1 ( 8 5B &&& "F &&& 7. et al$
%&&S12 et al§ %&&58 - #
Homo 7 et al$ %&&385 —
# 7; "87 et alf %&&38
n2 et al$ %&&Bl %&&58  # H#
## § - # # #
0 " # $ ##
0 ## # H
floresiensis " # § #
# # T/ # W
0 ##

# # §

%"5



F§*

- H. floresiensis
# # § ?
# H. floresiensis 7

— H. floresiensis

#
7. et al$ %&&5! 2
# oB &&&
%&&58
H. floresiensis # #
7 et alf %&&38
)i #
# #
1
§
et al. 7%&&38 # O )
# 3"F ;
%&&B8 §/7 #
# 7)) #
%&&CE* 5 AAA:I"&B 79 A3A 8

70 "50@88 0

et al§ %&&31 2 et alf %&&3 %&&B8S

7; "8
et als %&&58 -  #
1. et als %&&51 2 et al$
"&C ! et al$ %&&388

#

07 "5FF , "5@C8$

# 0

7 >/ %&&F88

# H. floresiensis

0 # 0 7 et al$

Australopithecus afarensis 7 et al$

; "C%:%@ TAFB 8 A:ASB



0
H. floresiensis #
Homo 7= et al$%&&@8s
# ;"
# #
# H. sapiens # # §
# 1
# 2 et al$ 7%&&C8
al. %&&C et al$ %&&CL = n&&F E
; C 78§ # #
2 1%&&58
erectus$

H. floresiensis 7

A. afarensis 7 et al$ %&&@ 8

WeE5 §  # #
$ -
#
# 9§
4 # # 0
B ) we $
al. %8851 E et al. %8858 -

1; %&&588

%%"

%&"&85 ?

Homo 7

et al. %&&58 ; #

et al§ 7%&&C8

H. erectus

et al$ 7%&&C8

#H

%&" &85 2

H. floresiensis

#

##

$

H. floresiensis
#

2

etal. u&""8§ 2 #

# :

8

H. sapiens

et

H.

et al$ 7%&8&@

#

$ H. floresiensis

7

et



H. floresiensis #

§
- H. floresiensis
§; et al. 7%&&58 0 #
#
# ) #
§ - et al$ 7%&&F8 ;"
# # #
al§ 7%&&F8
# #
§
- I
§ (
## # #
# 17? et alf %&&@8 #
l et al$%&&Cl et al$%&&Cl E et al %&" "8
7. %&&CL E 0 et al$ %&&F8
F%  # " # "
# # H. floresiensis
- # # 0"

%%%

H. floresiensis

§ - et

)# §

H. floresiensis



##

## §

FSA . H. floresiensis
# $

Table 86: Measurements supplied by Brown and Maeda (2009) for the
list included dental and mandibular measurements.

specimens. This

VErl H. floresiensis Variable H. floresiensis
LB1 LB6 LB1 LB6

Symphyseal height 28 28 M; BL 11.4 |10.0
Symphyseal thickness |15 17 M1 MD 10.1 (101
Corpus height M 20.5 22,5 |M;BL 10.7 |9.7
Corpus height M, 24.5 23,5 |M;MD 10.1 |10.3
Corpus thickness M; |15 14 Mz BL 10 8.9
Corpus thickness M, [15.5 15 Maximum femur length 281 -
Bicondylar breadth (200) |- Max. femoral head breadth|31.5 |-
11 BL 5.7 - M: BL 11.4 10.0
> BL 6.2 54
CBL 7.9 6.7
Pz BL 8.8 7.6
Ps MD 104 8.5
P4 BL - 7.6
P4 MD - 6.3
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Figure 127: Box plots for the symphyseal height data. Each boxplot represents a different group of the
comparative sample: Aboriginal, Chinese and European data from Brown (2001) and data for the
was taken from (Brown and Maeda 2009).
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Figure 128: Boxplot for the symphyseal breadth data. Each boxplot represents a different group of the
comparative sample. Aboriginal, Chinese and European data from Brown (2001) and data for the
was taken from (Brown and Maeda 2009).
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Figure 129: Bivariate analysis of the symphyseal height and breadth dimensions. Each population of
the comparative sample is represented and are outlined in Chapter 2 of this study. Data LB1 (pink
square) and LB6 (blue square) were obtained from Brown and Maeda (2009).
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Figure 130: Box plots for the molar breadth at the M1/M2 junction. Each boxplot represents a
different group of the comparative sample. Aboriginal, Chinese and European data from Brown (2001)
and data for the was taken from (Brown and Maeda 2009).
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Figure 131: Scattergram plot of the buccolingual measurement of the M1 against the breadth of the
mandible at the M1/M2 junction.
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Figure 132: The following is taken and adapted from Brown 2004. It represents the mean
buccolingual tooth crown breadths for mandibular teeth in “ (filled circles),
(open circles), early (open squares), modern (filled squares), LB1 (filled stars) and
LB2 (open stars) The Palauan means are represented by red triangles. Data for and
early are from are taken from Johansson and White (1979). Modern human data from a global

sample of 1,199 individuals collected by Peter Brown. The data for the Palauan sample are taken from
this study.
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Figure 133: Bivariate analysis of the mandibular third premolar buccolingual and mesiodistal
diameters. Data for data from Brown & Maeda (2008). Zulu, European, Khoisan and
Tswana data collected by Mirriam Tawane’ (2012). The dotted lines represent the 95% confidence
interval for the plot.
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Figure 134: Bivariate analysis of the mandibular fourth premolar buccolingual and mesiodistal
diameters. Data for data from Brown & Maeda (2008). Zulu, European, Khoisan, and
Tswana from Mirriam Tawane (2012). The dotted lines represent the 95% confidence interval for the

plot.
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Figure 135: Bivariate analysis of the mandibular first molar buccolingual and mesiodistal diameters.
Data for data from Brown & Maeda (2008). Zulu, European, Khoisan and Tswana from
Mirriam Tawane (2012). Dotted lines represent the 95% confidence interval for the plot.
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Figure 136: Bivariate analysis of the mandibular second molar buccolingual and mesiodistal

diameters. Data for data from Brown & Maeda (2008). Zulu, European, Khoisan and
Tswana from Mirriam Tawane’ (2012). Dotted lines represent the 95% confidence interval for the plot.
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Figure 137: Boxplot showing the overall cross-sectional areas for each group studied. Cross-sectional
area is calculated by BL x MD diameters for this graph the mean BL and MD areas were calculated
for each group in the comparative sample.
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Figure 138: Box plots for the maximum length of the humerus. Each boxplot represents a different
group of the comparative sample. Chinese and European data from Brown (2001) and data for the
were taken from (Larson . 2009).
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Figure 139: Bivariate plot of the humeral midshaft maximum and minimum. The solid line represents

the linear regression line for the sample and the dashed lines represent the 95% confidence
intervals(Cl). Data for the specimen obtained from Larson . 2009.
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Figure 140: Bivariate analysis of the height and length of the olecranon fossa. Data for the

s specimens from Larson . (2009)
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Figure 141: Bivariate analysis of the maximum acetabular diameter and the superior iliac breadth.

Data for taken from Brown (2004).
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Figure 142: Bivariate analysis of the iliac height against the superior iliac breadth. Data for
from Brown . (2008).
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Appendix

Appendix Table 1: Abbreviations for Specimens

P:

KS:

PG:

AND:

NIC:

MVA:

SC:

ED:

SA:

NC:

Palauan

Khoisan/ Hottentot
Pygmy (Congo)
Andamanese Islander
Nicobar Islander

Murray Valley Aboriginals
Southern Chinese 19800s
Zulu

Tswana

Europeans from Dart collection
Swanport Aboriginals

North Chinese 1930’s

H. floresiensis: Homo floresiensis

Variables:

0: Unknown

1: Male

2: Female

%CC



Appendix Table 2: Specimen numbers for Mandibular dentition

Specimen Number Tooth

: OR-14:8-1010 M1

: OR-14:8-108 M1

: OR-14:8-123 M1

: OR-14:8-154 M1

: OR-14:8-587 M1

: OR-14:8-1011 12

: OR-14:8-119 P4

: OR-14:8-121 M2

: OR-14:8-130 M2

: OR-14:8-142 P3

: OR-14:8-147 P3

: OR-14:8-161 P3

: OR-14:8-163A P3

: OR-14:8-173 12

: OR-14:8-207 12

: OR-14:8-404 12

: OR-14:8-538 P3

: OR-14:8-543 P4

: OR-14:8-888 P3

: OR-15:18-002 C

: OR-15:18-003 P3

: OR-15:18-018 M2

: OR-15:18-019 P3

: OR-15:18-022 P3

: OR-15:18-023 M2

: OR-15:18-025 C

: OR-15:18-026 M1

: OR-15:18-030 P3

: OR-15:18-036 M1

: OR-15:18-053 M1

: OR-15:18-054 M1

: OR-15:18-060 12

: OR-15:18-061 C

: OR-15:18-062 P4

: OR-15:18-063 M2

: OR-15:18-064 M1

: OR-15:18-071 P3

: OR-14:8-889 11

: OR-14:8-1007 11

: OR-15:18-083 complete mandible

: OR-14:8-156 11

: OR-14:8-146 11

D mwwo W mmmmw W o w00 oo o||w|w|m W wmmm w0 mooo oo mmmmwm

: OR-15:18-059 11
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Appendix Table 3: Table indicates the number of postcranial specimens found from two field seasons

in Palau. Specimens from Omedokel cave (OC) were collected from the surface and those from

Ucheliung cave are from the surface and a test excavation pit.

Excav.

Excav

Excav

Excav

Excav

Element(s) 0.C Level 1 Level 2 Level 3 Level 4 Level 5 Surface
Vertebra ) "A 5 T C & -
Rib - AA b %@ AA 3 A
Sternum & & - & & &
Clavicle & - - & & &
Humerus b & & % % - &
Radius ) - - - & & &
Ulna & & & - & b &
Carpals & F A 5 A % &
Hand phalanges & 0] "0 %F C F &
Os coxa ) & & A & & &
Sacrum/coccyx & - & & & & &
Femur % - . - & & -
Patella ) & & & & & &
Tibia 5 & & & & & &
Fibula % & & & & & &
Tarsals " & % - - & -
Foot phalanges 3 B 0 F A ) -
24 69 54 93 54 16 7
fgi?;‘gnasb'e 10 7 6 11 7 5 3
Pl @ % Fo 58 B3 B3 c
52 273 132 188 108 70 13
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