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FOREWORD 

A decade ago Dr Peter Brown, now of the Department of Archaeology and Palaeoanthropology, 
University of New England, was the first of a number of postgraduate scholars to begin work on 
aspects of human skeletal analysis in the Department of Prehistory. Before his doctoral research topic 
was finalised he 'discovered' the Coobool Creek remains in the collections of the Anatomy 
Department of the University of Melbourne. Given the existing prehistoric skeletal database and the 
important Australian and western Pacific evolutionary questions that were current at that time, the 
number of individuals and their anatomical features made documentation, reconstruction, description 
and analysis of the Coobool Creek cranial remains an important and urgent task. With an 
undergraduate background from the Department of Prehistory and Anthropology, The Faculties, 
Australian National University, as well as considerable artistic and manual skills, Brown combined 
the variety of talents required to deal effectively with this extensive collection. Despite problems 
determining the precise age of the collection, or individuals within it, Coobool Creek represents a 
major expansion of data from the Australian past. Discussion of the skeletal anatomy of these people 
will be a permanent aspect of palaeoanthropological research in Australia and the western Pacific in 
the future. 

Over much of this same decade Aboriginal attitudes to several aspects of their heritage, skeletal 
remains in particular, have taken a new and highly public tum. The question of who owns the past 
and the material evidence for that past, has become a major anthropological and political issue. For 
those responsible for the excavation, reconstruction and description of skeletal remains this has been a 
difficult period. The legal action that saw the removal of the Coobool Creek and other skeletal 
remains from the University of Melbourne to the Museum of Victoria made it impossible for Dr 
Brown to fully revise and extend his doctoral research in the preparation of this volume. In early 1989 
the Coobool Creek Collection was handed to Aboriginal custodianship in New South Wales for 
reburial, ending any extension of that research permanently. Those who have not been involved in 
this process may find it difficult to appreciate the ethical and professional dilemmas that this has 
meant for researchers. 

This volume is the first on a human skeletal subject in the Terra Australis series and it therefore 
marks the important changes that have been going on in biological anthropology in Australia in recent 
years. Other skeletal studies in the series will extend the documentation of Australia's human 
biological past and further demonstrate the important evidence that prehistoric remains contribute to 
our understanding of the development of modem human form and variation. 

Alan Thome 
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PREFACE 

This monograph represents a continuation of the research in my PhD thesis, 'Coobool Creek: a 
prehistoric Australian hominid population', which was submitted to the Department of Prehistory, 
Research School of Pacific Studies, Australian National University in 1982. My primary source of 
motivation for rewriting and expanding the original work was the absence of detailed descriptions for 
many of the 'classic' Australian hominid fossils. A profusion of words had been spoken, the 
occasional film produced, but comparatively little published. With the dearth of publications, several 
of these fossils have taken on mystical qualities which, at least from my own perspective, have little to 
do with reality. 

In its general form this monograph follows the original thesis. However, the reconstruction of 
additional materials from Coobool Creek, combined with my own altered outlook on aspects of 
methodology and interpretation, made rewriting sections of the primary work a priority. There is a 
greater reliance on graphical means of data description and much of the analyses and data are new. 
The sections in the thesis dealing with 'the mark of ancient Java' have been omitted. I am becoming 
increasingly sceptical about the osteological evidence for such a link and intend to pursue this issue in 
the future. In other respects the essential details of the conclusions I reached in 1982 remain unaltered. 

Peter Brown 
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1 

I 

INTRODUCTION 

This project was inspired by the discovery 
and subsequent analysis of the terminal 
Pleistocene human skeletal series from Kow 
Swamp in the central Murray Valley (Thome and 
Macumber 1972; Thome 1975, 1976; Thome and 
Wilson 1977). Analysis of the skeletal materials 
from Kow Swamp raised important questions 
concerning the origins and evolution of the 
Australian Aboriginal population. However, the 
fragmentary condition of the Kow Swamp 
sample, combined with limited amount of com­
parative skeletal material available at the time, 
restricted aspects of Thome' s description and 
analysis (Thome 1975). Little skeletal material 
had been recovered from controlled archaeo­
logical excavation, with work at Roonka (Pretty 
1977; Prokopec 1979; Smith et al. 1988) and 
Broadbeach (Haglund 1976; Freedman and Wood 
1977) still in progress. 

In the summer of 1979-80 while collecting 
data for a PhD thesis on the Australian 
Aboriginal oro-facial skeleton in the Department 
of Anatomy, University of Melbourne, I came 
across several metal cabinets containing a 
number of highly mineralised human crania and 
mandibles. My immediate impression, con­
firmed by subsequent cleaning, reconstruction 
and analysis, was that the crania were of 
unusually large size and morphologically similar 
to those from Kow Swamp and Cohuna. 
However, in marked contrast to the Kow Swamp 
sample there were a large number of individuals 
represented, the general level of preservation 
appeared to be excellent and the skeletal 
materials were free of post-depositional distor­
tion. Realising the potential importance of this 
collection I asked the late Professor L.J. Ray for 
information concerning the origins of this portion 
of the 'Murray Black Collection' and for permis­
sion to transport some of the crania to Canberra 
for cleaning and reconstruction. Professor Ray's 
reply changed the course of my PhD thesis, of 
which this monograph is an extension. 

Professor Ray informed me that the 
'fossilised' part of the collection had been 'dug 
up' by the late George Murray Black from a sand­
ridge near Coobool Creek in the central Murray 
Valley during 1950. The exact provenance of the 
site was unknown and no attempt had been 
made to record the stratigraphic association of 
the burials or any archaeological materials 
recovered from the cemetery. In my initial dis-

cussions with Professor Ray I expressed the belief 
that the questions of provenance and age would 
not provide a major obstacle. There was 
certainly a technological solution in the form of 
radiocarbon dating which I assumed would pro­
vide a rapid solution for one of these problems 
and I expected a survey of the district to locate 
the site. However, after seven years of research 
the questions of provenance and age remain 
largely unanswered. The precise geographic 
location of the Coobool Creek cemetery is 
unknown and contamination has prevented the 
radiocarbon dating of bone from the site. 

The importance of the skeletal materials from 
Coobool Creek lies in their morphological and 
metrical similarity to those from Kow Swamp 
and in the contrast these materials provide with 
middle and late Holocene human skeletal 
materials from other parts of Australia. The 
major objective of this monograph is a morpho­
logical and metrical description of the crania, 
mandibles and dentitions from Coobool Creek 
followed by a comparison of the Coobool Creek 
series with the terminal Pleistocene, middle 
Holocene and recent skeletal collections from 
southeastern Australia. This process of com­
parative description provides a basis from which 
to explore several issues arising from Thome' s 
pioneering research at Kow Swamp (Thome and 
Macumber 1972; Thome 1975, 1977; Thorne and 
Wilson 1977). Principle amongst these is a con­
sideration of post-Pleistocene change in 
Australian Aboriginal skeletal size and mor­
phology. Related issues include sexual 
dimorphism, variation in cranial-vault thickness, 
artificial cranial deformation and structural 
reduction in the masticatory complex. I have 
previously published sections of this work 
(Brown 1981b, 1987a) but for reasons of com­
pleteness I reintroduce them here. 
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II 
MATERIALS AND METHODS 

INTRODUCTION 

There are two major practical and theoretical 
problems associated with analyses of evolution­
ary change in Australian Aboriginal skeletal 
material. Firstly there is a sampling difficulty 
brought about by the scarcity of material 
recovered from dated archaeological contexts, 
and the generally poor preservation of the little 
material that is available. The second problem 
concerns the spectrum of hypotheses which have 
bee� generated from this material. Hypotheses 
which on the whole can not be unequivocally 
supported, or disproved, with the available data. 
Historically, the major area of debate concerns 
the variation in physical characteristics which 
have been described for fossil, and recent, 
Australian populations (Brown 1987a, 1988). As I 
have previously argued, explanations of this 
variation are represented by two conflicting 
groups of hypothesis. Either Australia was 
colonised by a single group of immigrants with 
subsequent variation resulting from genetic and 
environmental factors or there were multiple 
waves of temporally circumscribed, genetically 
distinct immigrants (Brown 1987a:41). 

Therefore evidence of temporal change, in any 
given osteological feature, could be argued to 
provide support for several conflicting lines of 
argument. An apparently directional reduction 
in skeletal mass and associated morphological 
features may represent the accumulated genetic 
result of the amalgamation of two, or more, 
Pleistocene founder populations. Alternatively it 
could be the result of gene flow into Australia 
during the Holocene, or in situ evolutionary 
change in a single Australian population. A 
combination of these events, sampling problems, 
or even observer error, may also have con­
tributed to the reported results. Until such time 
as these issues are resolved, analyses of temporal 
change in aspects of Aboriginal osteology must 
have a relatively broad area of focus. 

MATERIALS 

The reconstruction and analysis of the 
Coobool Creek sample (Brown 1981b, 1982, 
1987a; Wu and Brown 1986) placed the geo­
graphical emphasis of this study within the 
Murray Valley. Although a considerable amount 
of skeletal material has been collected from this 
general area, the bulk of it comes from poorly 

defined geographical localities and without 
associated archaeological context. An examina­
tion of temporal change in skeletal features 
requires a grasp of both interpopulation and 
intrapopulation variation, combined with some 
control of sequence. In this region, temporal 
c
_
ontrol is provided by the Kow Swamp popula­

tion dated to the period between 13,000 and 9000 
years BP (Thorne and Macumber 1972; Thome 
1976), the Roonka series, with skeletal material 
from approximately 7000 years BP up until the 
European contact period, the small collection 
excavated from Barham dated to 5400-4500 years 
BP (Daley 1986), and skeletons of similar age 
excavated from the area between Mildura and 
Renmark by Blackwood and Simpson (1973). 
Unfortunately, the preservation of the Roonka 
and Mildura-Renmark material, in particular, is 
poor a�d �hese collections are now only suitable 
f?r a hrruted range of morphological observa­
tions. The best available comparative 'recent' 
samples come from Swanport (Stirling 1911 · 

Pietrusewsky 1984; Brown 1987a) and a broade; 
regional series collected from between Chowilla 
and Coobool by the late George Murray Black 
(Sunderland and Ray 1959; Pietrusewsky 1979; 
Brown 1981a, 1987a). A further control on both 
geograp�� and temporal factors was gained by 
the addition of the Broadbeach series from 
southeastern Queensland (Haglund-Calley 1968a, 
1968b; Haglund 1976; Freedman and Wood 
1977). The final sample consisted of skeletal 
material from Coobool Creek, Kow Swamp, 
Roonka, Barham, Broadbeach, Swanport and the 
'recent' Murray Valley series. All of the available 
t�rminal Pleistocene skeletons, with the excep­
tion of Lake Tandou, were also included to 
examine specific questions of geographic and 
temporal variation raised by Thorne (1976; 
Thorne and Wilson 1977) and Freedman and 
Lofgren (1979b, 1983; Freedman 1986). The Lake 
Tandou skeleton, located in the Western 
Australian Museum, has been described in detail 
by Freedman and Lofgren (1983) and I will refer 
to their data where appropriate. 

Two criteria were used for the selection of 
skeletal material from within each of these 
samples. Firstly, only demonstrably adult 
skeletal material was used. An individual 
skeleton was classed as adult if there was fusion 
of the spheno-occipital synchondrosis and 
epiphyses in the postcranial skeleton, where pre-
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area from which the Coobool Creek skeletons probably originated 

served, and the third molars were in occlusion. 
Crania in which there was congenital absence of 
the third molars, but were clearly adult according 
to factors of tooth wear and closure of the 
spheno-occipital synchondrosis, were also 
included. The second selection factor was 
preservation. Skeletal elements with evidence of 
postmortem warping, or for which only a limited 
number of variables could be recorded, were 

excluded. Due to some inconsistencies in the 
previously published information, and the need 
for a uniform methodology, I collected all of 
those data used in this analysis. 

Barham (BA) 

The Barham skeletons were recovered in a 
salvage excavation in 1972 by a team from the 
Australian Museum, Sydney, and the New South 
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Wales National Parks and Wildlife Service. 
Grading of a road, through what was discovered 
to be a burial ground, uncovered the skeletal 
remains of 14 individuals (Fig.1). These remains 
were subsequently housed in the Australian 
Museum, in association with Peter Thompson's 
field notes. Charcoal overlying Barham burial 
K2/1 has been radiocarbon dated to 5400 ± 90 
and burial E4/1 to 4670 ± 110 years BP (Daley 
1986:35-36). There are no published descriptions 
of the Barham skeletons. Daley (1986) combined 
a partial reconstruction and preliminary descrip­
tion of this material as part of her Masters thesis 
at the University of Sydney. Her analysis con­
cluded that there was no evidence of the Coobool 
Creek and Kow Swamp morphological pattern in 
the Barham cranial vaults. I completed the 
reconstruction of the Barham skeletons in June­
July 1987. 

Broadbeach (BB) 

The Broadbeach burial ground is located 

about 1.5 km from the coastline at Mermaid 
Beach in southeastem Queensland (Fig.2). 
Between 1965 and 1968 a series of archaeological 
excavations at the site recovered the partial, or 
complete, skeletal remains of more than 100 indi­
viduals (Haglund-Calley 1968a, 1968b; Wood 
1968; Haglund 1976). Radiocarbon dating of 
charcoal found in association with the burials 
suggests that the site was in periodic use for 
more than 1000 years, from about 1290 years BP 
until the European contact period (Haglund 1976; 
Freedman and Wood 1977). Although the 
remains of a large number of individuals were 
recovered from the site, they are for the most part 
poorly preserved, with only 18 of the adult crania 
being reasonably complete. 

Published analyses of the skeletal material are 
restricted to those of Freedman and Wood (1977), 
Pietrusewsky (1979, 1984), Brace (1980) and 
Smith et al. (1981). Freedman and Wood con­
clude that the Broadbeach material 'almost 
certainly represents a localised sample, probably 



a single tribe' (1977:17) and the results of their 
univariate and multivariate analyses distinguish , 
between the Broadbeach crania and samples 
from coastal New South Wales and a broad 
Queensland series. Their univariate analysis 
indicated that the relatively large size of the 
Broadbeach crania and mandibles was a major 
distinguishing feature, while the multivariate 
comparison suggested that shape was also an 
important factor. Arrangements are presently 
being made for the reburial of the Broadbeach 
skeletons. 

Cohuna (C) 

The Cohuna cranium was discovered by 
George Gray in 1925 during the excavation of an 
irrigation channel close to the northern margin of 
Kow Swamp (Fig.l) (Macintosh 1952b, 1953). 
The cranium has not been radiometrically dated. 
Following chemical and physiographic analysis, 
Macintosh (1953) concluded that the cranium had 
become mineralised on Mt Hope and transported 
to the discovery site by water action. More 
recent research (Macumber and Thorne 1975) 
indicates that mineralisation of the cranium 
occurred in the soil in which it was found. This 
is supported by the good preservation of the 
facial skeleton, which is not what you would 
expect with water tumbling over it, and the claim 
that a number of skeletons were originally 
unearthed, not just a cranial vault. 

Macintosh (1952c) described the teeth and 
palate of Cohuna, however, a detailed descrip­
tion of the cranium has yet to be published. 
Morphological and statistical comparisons have 
consistently placed Cohuna within the Kow 
Swamp population (Thorne 1976, 1977; Thorne 
and Wilson 1977; Brown 1987a). Common mor­
phological features include a flattened frontal 
squama in association with a high cranial vault, 
great supraorbital breadth, a deep and prog­
nathic facial skeleton, low and rectangular orbits, 
a large palate, thickened bones in the cranial 
vault and large overall size. The Cohuna 
cranium is missing a large section of its cranial 
base, both mastoid processes, the temporal 
process of the left zygomatic arch, all of the 
incisor teeth and right canine, and there is some 
damage to the left supraorbital region. 

Coobool Creek (CC) 
While collecting information for my PhD 

thesis in the winter of 1980 I came across a 
number of mineralised, and heavily carbonate 
encrusted, crania in the Department of Anatomy, 
University of Melbourne. Morphologically, 
several of the crania appeared similar to the dis-
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tinctive terminal Pleistocene series recovered 
from Kow Swamp by Alan Thome (1969, 1976; 
Thorne and Macumber 1972). The late Professor 
L.J. Ray informed me that this material was col­
lected from a site near 'Doherty's Hut' at 
Coobool Crossing on the Wakool River between 
Swan Hill and Deniliquin in southern New South 
Wales (Fig.1) by the late G.M. Black during 1950 
(Brown 1981a, 1987a). I requested permission to 
clean and reconstruct the Coobool Creek crania 
and mandibles for inclusion in my thesis; this 
request was subsequently granted by Professor 
L.J. Ray. 

The Coobool Creek skeletons form part of the 
Murray Black Collection, previously housed in 
the Department of Anatomy, University of 
Melbourne, and at present located in the 
Museum of Victoria. As with the remainder of 
the Murray Black Collection this material was 
collected without recording either archaeological, 
or precise geographical, context. There are 126 
individuals in the Coobool Creek series, some 
represented only by isolated teeth. For the most 
part the crania and mandibles were collected 
without their associated postcranial skeletons. 
Mineralisation and deposits of secondary car­
bonates made the postcranial skeletons too heavy 
to move and so they were left in the ground. 
Twenty-four of the more complete crania, the 
criteria being an apparently well preserved 
cranial base, facial skeleton and dentition, were 
selected for cleaning, reconstruction and inclu­
sion in my thesis (Brown 1982). After the com­
pletion of my thesis I reconstructed nine more 
crania, their associated mandibles, and a small 
amount of postcranial material at the University 
of New England. Alterations in the Victorian 
State Relics Legislation in 1984, and the subsequent 
transference of the Murray Black Collection to 
the Museum of Victoria, have prevented further 
work on this material. Twenty-four male and 
nine female crania, the majority with associated 
mandibles, form the Coobool Creek sample 
which will be included in this analysis. 

At the present time there are no radiocarbon 
dates directly associated with the Coobool Creek 
skeletal material. Initial attempts at radiocarbon 
dating of human bone from this site were frus­
trated by the immersion of all bone in a gelatin 
bath, as a preservative coating, shortly after 
recovery. Contamination by this modern 
collagen will make it difficult, if not impossible, 
to accurately determine the age of this collection. 
Uranium thorium dating of bone from CC65, 
conducted by the Australian Nuclear Science and 
Technology Organisation, obtained a date of 
14,300 ± 1000 years BP (LL0-416). This supports 
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the anatomical and cultural comparisons linking 
Coobool Creek with Kow Swamp and distin­
guishing them from the mid-Holocene skeletons 
from this region (Brown 1981a, 1982, 1987a). 

Keilor (K) 

The Keilor cranium was discovered by James 
White in October 1940 while excavating a sand 
deposit near the junction of the Maribyrnong 
River and Dry Creek, about 2 km north of Keilor, 
Victoria (Mahony 1943:31). This carbonate 
encrusted cranium, and the few fragments of 
femur found near it, were deposited in the 
Museum of Victoria. Preliminary descriptions of 
the cranium were published by Wunderly (1943) 
and the teeth and palate by Adam (1943) . Both 
the initial claims for extreme antiquity and 
Wunderly's description received considerable 
criticism (Jones 1944; Zeuner 1944; Weidenreich 
1945b). More recent research has compared 
Keilor to a range of terminal Pleistocene and late 
Holocene Australian crania, with conflicting 
results (Thorne and Wilson 1977; Freedman 1986; 
Habgood 1986; Brown 1987a). 

In 1971 the late Professor N.W.G. Macintosh 
obtained radiocarbon dates on secondary car­
bonates removed from the external surface of the 
cranial vault and femur fragment, and a bone 
collagen date for the femur, through the New 
Zealand Institute of Nuclear Sciences (Brown 
1987a). The only measure of absolute age was 
provided by the bone collagen date of 12,000 ± 
100 (NZ-1327). If the femur and cranium 
belonged to the same individual, and some 
support for this is provided by the similar 
carbonate dates of 6790 ± 50 (NZ-1326) and 6800 
± 100 (NZ-1321) respectively, then the cranium 
appears to be of terminal Pleistocene age. Keilor 
is reasonably well preserved, lacking only the 
temporal segments of both zygomatic arches, a 
large section of the right side of the basicranium 
and anterior dentition. 

Kow Swamp (KS) 

Archaeological excavations at Kow Swamp, 10 
km southeast of Cohuna in the central Murray 
Valley (Fig.l), between 1968 and 1972 recovered 
the partial skeletal remains of more than 22 
individuals (Thorne 1969, 1975, 1976; Thorne and 
Macumber 1972). Radiocarbon dates on shell 
from the grave of KS5 of 13,000 ± 280 (ANU-
1236) and on bone apatite from KS9 of 9590 ± 130 
(ANU-532) place this population in the terminal 
Pleistocene. 

Morphological and metrical comparisons of 
the Kow Swamp crania have distinguished them 
from modern Aboriginal crania (Thorne 1976; 

Pietrusewsky 1979; Brown 1987a) and a more 
gracile group of Pleistocene crania represented 
by LMI, LMIII and Keilor (Thorne 1977; Thorne 
and Wilson 1977). Thorne and Wilson (1977:399) 
argue that the Kow Swamp morphological 
patterns provides 'strong evidence that major 
morphological changes have occurred in the 
facial and frontal regions of Aboriginal crania 
from northern Victoria over the last 9000-10,000 
years' . Interpretations of the significance of this 
Kow Swamp 'morphological pattern' are com­
plicated by the presence of artificially deformed 
crania in this sample, as there are also at Coobool 
Creek (Brown 1981a, 1982, 1987a). 

Despite extensive reconstruction, the Kow 
Swamp material is still extremely fragmentary, 
with only two of the crania, KSl and 5, being 
relatively complete. Preservation is particularly 
poor for the basicranial areas and post­
depositional warping is a problem with KSl and 
14 . In my PhD thesis (Brown 1982), rather than 
remeasuring the skeletal material from this site, I 
relied on data used by Thorne (1975, 1976) for his 
original description. In the intervening period I 
have examined most of the skeletal material from 
Kow Swamp and recorded my own observations. 
When comparing the Kow Swamp data used in 
this analysis (Table 9) with those published by 
Thome (1976:Table 4) a number of inconsis­
tencies are apparent. Some of the differences 
between the two data sets are of a considerable 
magnitude and would certainly influence the 
results of statistical procedures. Therefore, in 
order to ensure consistency with the other 
materials in this analysis, I have used my own 
data. The Kow Swamp sample comprises KSl ,  2, 
3, 4, 5, 7, 8, 9, 14, 15 and 16. 

Lake Nitchie (LN) 

This unique burial was discovered by Jim 
Bowler on the northeastem shore of Lake Nitchie 
in 1969 (Fig.2) and excavated by N.W.G. 
Macintosh and K.N. Smith in 1970 (Macintosh et 
al. 1970). The Lake Nitchie skeleton, and 
associated pierced Sarcophilus harrisi canine tooth 
necklace, were described in some detail by 
Macintosh (1971), who reports a bone collagen 
date of 6820 ± 200 for the right femur. On the 
basis of overall size and dimensions of the fronto­
facial skeleton Thome (1977) and Thorne and 
Wilson (1977) place Lake Nitchie with the 
'robust' group of prehistoric Australian crania 
(Kow Swamp, Mossgiel and Cohuna). This 
assessment is not supported by the more recent 
research of Habgood (1986) and Brown (1987a). 



Lake Mungo (LM) 

Fragmentary skeletal remains of over 40 indi­
viduals have been recovered from the Willandra 
Lakes region. However, only three of these (LMI, 
II and III) are presently available for study, with 
LMII consisting only of fragments. The calcrete 
block containing the LMI cremation was dis­
covered in 1968, by Jim Bowler, deflating out of 
the Mungo unit at the southern end of 'the Walls 
of China' lunette, Lake Mungo (Bowler et al. 
1970). Radiocarbon dating of bone fragments 
from the burial obtained an age of 19,030 ± 1410 
years (ANU-618A) on bone apatite and 24,700 ± 
1270 (ANU-618B) on the collagen fraction. A 
further date of 26,250 ± 1120 (ANU-375B) was 
achieved with charcoal from a hearth, strati­
graphically equivalent to 15 cm above the burial 
(Bowler et al. 1972). It was considered that the 
most reliable estimate for the age of LMI was 
24,500-26,500 years BP. This remains the oldest 
positively dated, human burial in Australia. 

' 

Reconstruction and description of LMI was 
�n�ertaken 

.
by Alan Thorne. However, only 

lmuted detailed information has been published 
(Bowler et al. 1970; Thorne 1971, 1976, 1977; 
Brown 1987a). Preservation of the cranium is 
poor, with the basicranial area intact but dis­
articulated from the vault, and a partial and 
fragmentary facial skeleton, dentition and 
mandible. 

The LMIII skeleton was also discovered by 
Ji� �owler. In February 1974, after prolonged 
ram m 1973, Bowler noticed the exposed left side 
of a carbonate encrusted human cranium 500 m 
east of the LMI cremation site. Later that month 
the extended burial that was LMIII wa� 
excavated by a team from the Australian 
National University (Bowler and Thorne 1976). 
Stratigraphic association with LMI suggested to 
Bowler and Thorne (1976:136-38) that an age of 
28,000-32,000 years BP was probable for LMIII. 
Although the cranial morphology of LMIII has 
�� used to provide evidence for the dihybrid 
ongm of the Australian Aboriginal population 
(Thorne 1977; Freedman and Lofgren 1983), a 
description of this individual has yet to be 
published. As little of the basicranium, right side 
of the cranial vault and facial skeleton are pre­
served, detailed comparisons involving this 
individual are difficult (Brown 1987a). 

Mossgiel (M) 

A detailed description of the Mossgiel 
skeleton has recently been published by 
Freedman (1986), which also reviews the history 
and dating of the specimen. The Mossgiel 
skeleton was discovered in 1960, by Mr K. 
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Stewart, on Tumbridge Station, 24 km west of 
Mossgiel in western New South Wales (Fig.2). 
Preliminary descriptions of the Mossgiel skeleton 
were made by Macintosh (1963, 1967). Attempts 
made by Macintosh to obtain a radiocarbon date 
on bone collagen from the Mossgiel skeleton 
were unsuccessful. Dating of bone carbonate 
gave what Macintosh (1967) believed was a 
minimum age of 6010 ± 125 years BP. 

The Mossgiel skeleton is approximately 60% 
complete, with most of the long bones having 
damaged articular surfaces; the basal area of the 
cranium is absent and the facial skeleton frag­
mentary. The maxillary and mandibular 
dentitions have suffered from the combined 
effects of acute wear and postmortem damage. 

Murray Valley (MV) 

Between 1937 and 1950 G.M. Black dug up a 
large series of Aboriginal skeletons from the area 
between Chowilla and Barham in the Murray 
Valley (Sunderland and Ray 1959). This material 
forms two separate collections in the National 
Museum of Australia, Canberra, and the 
Anatomy Department of the University of 
Melbourne (presently located in the Museum of 
Victoria). Only in the Anatomy Department 
Murray Black Collection can the postcranial and 
cranial elements of particular individuals be 
compared. The Canberra Murray Black 
Collection is subdivided into boxes of individual 
skeletal elements (left femora, right humeri, and 
so forth) which cannot be rearticulated. The 
Murray Valley series used in this analysis was 
drawn from the Anatomy Department collection 
so that the postcranial skeletons could be used to 
explore aspects of skeletal allometry and help 
validate cranial sexing methods. 

The sample used here consists of 100 adult 
skeletons collected in the period 1943-50 from the 
area between Chowilla and Coobool in the 
Murray Valley (Sunderland and Ray 1959; Brown 
198la). Although there are more than 500 
skeletons in the Anatomy Department collection, 
many are fragmentary and the crania often have 
poor preservation of the facial skeleton, dentition 
and mandible. The major criteria for selection 
were preservation, particularly of the cranial 
vault, dentition and pelvis. In addition, 60 crania 
and mandibles from Euston, in the Canberra 
Murray Black Collection, were used for direct 
comparison of continuous morphological 
features with the Coobool Creek series. No 
stratigraphical, chronological, archaeological or 
even precise geographical information is 
recorded for either of the Murray Black 
Collections. Morphological and metrical corn-
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parisons with the dated cranial series from Kow 
Swamp, Barham and Roonka suggests that the 
Murray Valley material can be considered to be 
broadly recent, 4000-100 years BP. 
Pietrusewsky's (1979) multivariate analysis of 
Aboriginal crania clustered the Murray Valley 
crania with recent material from Broadbeach, 
Roonka and Swanport. However, the lack of 
temporal control in the Murray Valley series 
remains a possible source of error. 

Nacurrie (N) 

A number of highly mineralised and 
carbonate encrusted skeletons were excavated by 
George Murray Black from a site near Nacurrie 
railway siding, approximately 35 km northeast of 
Swan Hill (Fig.1 ), in the winter of 1949 (pers. 
comm. from the late Professor L.J. Ray). These 
were taken to Melbourne and stored with the 
remainder of the Murray Black Collection in the 
Department of Anatomy, University of 
Melbourne. In February 1971 Professor Ray, 
former Head of the Department of Anatomy, sent 
the most complete of the skeletons from this site 
to Professor N.W.G. Macintosh for cleaning, 
reconstruction and analysis (information 
supplied by Mrs A. Macintosh) . Macintosh and 
Lamach (1976:1 1 7) briefly refer to this individual 
as the 'Murrabit skull' and remark that it 'is 
almost an identical twin to Cohuna. Its frontal 
curvature index is very nearly identical. It has a 
massive mandible'. After Macintosh's death in 
1977 the Nacurrie 49.85 skeleton (Nl ) was 
returned to Melbourne. 

In 1980 Professor Ray and I discussed the 
Nacurrie material with the aim of bringing 
Macintosh's work to fruition. This project, in 
tum, was not completed. Professor Ray's 
unexpected illness and death in 1981, and my 
wish to complete the analysis of the Coobool 
Creek skeletons before beginning a new project, 
intervened. It was not until 1983 that I was able 
to continue work on the Nacurrie material. 
Unfortunately, removal of the carbonate crust 
from the cranial vault, facial skeleton and 
mandible of the original specimen, Nl, had not 
been conducted with adequate care. Abrasive 
tools had reduced the teeth to amorphous blocks 
of dentine and there was considerable loss of sur­
face detail in the cranial and postcranial material. 

The other skeletons from this site, consisting 
of a cranial vault without a facial skeleton, a 
complete postcranial skeleton and a cranium 
with associated mandible, cervical vertebrae and 
clavicle fragment, remained as they were found. 
With the exception of the postcranial skeleton, 
these were cleaned and reconstructed at the 

University of New England. 
Macintosh attempted to obtain radiocarbon 

dates for Nl through the New Zealand Institute 
of Nuclear Sciences in 1971 .  Dating of secondary 
carbonates, removed from the external surface of 
the cranial vault, suggested that Nl was some­
what younger than Keilor. In 1976, a cast was 
made of one femur so that the original could be 
used to obtain a radiocarbon date from the bone 
collagen fraction. This project was not com­
pleted. 

Roonka (R) 

The Roonka site is located on the Murray 
River, approximately 5 km south of Blanchetown 
in South Australia (Fig.2). Pretty (1977) has 
published a preliminary description of the 
stratigraphy of the site and artifactual 
assemblage with a brief description of the 
burials. Skeletal remains of more than 120 
individuals have been recovered from Trench A, 
with radiocarbon dates indicating a sequence 
from at least 7000 years until the European 
contact period. The initial reconstruction and 
description of the material was undertaken by 
Prokopec (1979), and Pietrusewsky (1984) 
includes some of the Roonka crania in his multi­
variate comparison of Australasian and Pacific 
populations. Most recently, Smith et al. (1988) 
have described the morphological and metrical 
characteristics of the Roonka dentitions. 

. Unfortunately, much of the skeletal material 
from Roonka is poorly preserved with consider­
able post-depositional warping and erosion. 
Extensive reconstruction was often required and 
few of the crania are now suited for metrical 
analysis. Only eight male crania (R6, 37, 48, 66, 
89, 91,  104 and 106), which on the basis of Pretty 
(1977) can be assigned to Phase II of the site 
(4000-7000 years BP), will be included in this 
analysis. They will be used to provide tooth-size 
data and some morphological information. 

Swanport (S) 

The large skeletal series from Swanport were 
collected primarily by F.R. Zeitz from a site 10 
km southeast of Murray Bridge, South Australia, 
in 1911  (Fig.2).  Stirling (191 1)  briefly described 
the stratigraphy of the site and argued, primarily 
on the basis of local oral history, that the burials 
overlapped the European contact period. The 
Swanport skeletons, although undated, are 
generally accepted as representing a recent 
population (Howells 1976a; Giles 1976; 
Pietrusewsky 1979; Brown 1987a). Pretty (1977) 
draws attention to the parallels between the 
recent material from Roonka and that from 



Swanport, both in terms of artifact assemblage 
and form of the burials. 

The cranial remains of approximately 90 
individuals were recovered from the initial 
excavation, 11 with associated postcranial 
skeletons, and lodged in the South Australian 
Museum, with another 40 being collected from 
the general area after 1911. Forty-eight crania 
with well preserved, facial skeletons, cranial 
vaults, dentitions and mandibles were selected 
for this analysis. 

Talgai (T) 

The classic Australian fossil, Talgai, was dis­
covered in 1884 on the Darling Downs, near 
Warwick in southern Queensland (Fig.2). After 
its purchase by the University of Sydney it was 
described by Stewart Smith (1918). Although 
crushed, distorted and covered with a layer of 
carbonate crust, Smith was able to conclude that 
Talgai was a juvenile male of 14-16 years. 
Features indicative of sex were large overall size, 
especially for the teeth and palate, and the 
morphology of the vault. Smith argued that 
although Talgai was undoubtedly of Australian 
type, palate shape and the size and morphology 
of the canine teeth were archaic and 'ape-like'. 
The subsequent reconstruction of the palate by 
Helman (1934) and description of the dentition 
by Macintosh (1952a) challenged Smith's obser­
vations. Talgai was now placed within the 
Australian range of variation, although the size 
of the palate and canine teeth were considered 
extraordinary. 

There are no radiometric dates directly 
associated with the Talgai cranium although 
efforts have been made to date the soil horizon 
from which it supposedly originated. Oakley et 
al. (1975) report a date of 11,650 ± 100 years BP 
for this horizon. An attempt to clean and 
reconstruct the cranium by Macintosh was 
unsuccessful and this individual is now rep­
resented by disarticulated and eroded fragments. 

METHOD S  

The metrical variables 

Several factors influenced the selection of the 
metric variables for this study. Principal among 
these was the need for a detailed description of 
thf! Coobool Creek crania, mandibles and denti­
tions and comparison with terminal Pleistocene 
and Holocene collections. In particular, the Kow 
Swamp material is fragmentary, with poor 
preservation of the basioccipital area. In order to 
adequately compare skeletal material in varying 
states of preservation, an extensive list of 
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craniometric variables was chosen. As argu­
ments bearing on the absolute age of the Coobool 
Creek skeletal material rest largely on 
comparisons with the dated Kow Swamp 
material, a number of variables was selected 
specifically for this purpose. 

The list of variables was also expanded during 
the course of the project to allow the examination 
of morphological questions arising out of the 
ongoing analysis. Most significant among these 
was the issue of artificial cranial deformation 
which required a more detailed examination of 
cranial curvature and breadth. The gradual 
expansion of the variable list, and changes in 
emphasis during the course of the project, largely 
brought about by the reconstruction of the 
Coobool Creek series, has resulted in the com­
plete variable list being recorded for only four of 
the major samples (Coobool Creek, Kow Swamp, 
Murray Valley and Swanport). The Broadbeach 
skeletons were examined prior to the reconstruc­
tion of the Coobool Creek sample; due to 
preparations being made for the reburial of the 
Broadbeach collection it has not been possible to 
reexamine them. Therefore, the Broadbeach 
series is represented by a shortened variable list. 

The craniometric variables used in this 
analysis were recorded directly from the crania 
and mandibles using standardised equipment 
(GPM-brand sliding, spreading and coordinate 
calipers, mandibulometer and anthropometric 
tape). All linear dimensions on crania and 
mandibles were recorded to the nearest 
millimetre. Cranial-vault thickness was recorded 
to the nearest 0.1 mm using a pair of specially 
modified vernier calipers (Brown 1987a, 1987b). 
Dental buccoli'ngual breadths were also 
measured to the nearest 0.1 mm using a modified 
Mitutoyou dial caliper with fine, sharpened 
beaks. 

For all the claims of anthropometrics as an 
objective science a survey of the descriptive 
literature on anthropometric methodology 
(Martin and Saller 1957; Stewart 1947; Montagu 
1960; Comas 1960; Krogman 1962) reveals 
alarming conflicts in descriptions of 'standard' 
anthropometric points. As data which is 
incapable of reproduction by others has little, if 
any, value this presents an ongoing obstacle to 
comparative research. A detailed description (in 
German) of the full range of anatomical points 
and features used in osteological research can be 
found in Martin and Saller (1957). In the selec­
tion of the mandibular variables I was influenced 
by the observations of Freedman and Wood 
(1977) and they provide detailed descriptions of 
the majority of the mandibular variables used in 
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this analysis. The location of the points from 
which cranial-vault thickness dimensions were 
recorded follows those in Brown (1987a, 1987b). 
The variable descriptions which I have used do 
not represent a consensus of those in the 
published literature, but simply correspond to 
points defining measurements used in this 
analysis. Where I have used a point which does 
not correspond exactly to one in the literature, it 
is not referenced. The definition in this instance 
is my own. The following variable descriptions, 
and Figures 3-6, define the location of the 
anatomical points used in the analysis, as well as 
presenting the formulae for the modules and 
indices used in the text. 
Alveolar breadth: biectomolare (Lamach and 

Macintosh 1966:73). 

Alveolar length: distance from alveolon to 
prosthion (Lamach and Macintosh 1966:73). 

Alveolon: the middle of a transverse line con­
necting the posterior extremities of the 
maxillary alveolar border (Martin and Saller 
1957:451). 

.Asterion: junction of the temporoparietal with 
the lambdoid suture (Fig.3) (Martin and 
Saller 1957:447). 

Auriculare: the most lateral point on the root of 
the zygoma vertically above the centre of the 
auditory meatus (Fig.3) (Martin and Saller 
1957:447). 

Basion: the lowest median point on the anterior 
border of the foramen magnum (Fig.3) (Martin 
and Saller 1957:446). 

Bicondylar breadth (mandible): the distance 
between the most lateral points on the two 
mandibular condyles (Fig.6) (Stewart 
1947:196). 

Bigonial breadth: the maximum diameter 
externally on the angles of the mandible 
(Fig.6) (Stewart 1947:153). 

Bregma: the point of intersection of the coronal 
and sagittal sutures (Figs 3-4) (Martin and 
Saller 1957:444). 

Corpus thickness: maximum thickness of the 
mandibular corpus at the level of Ml-M2 
(Fig 6). 

Corpus height: height of the mandibular corpus 
interproximally between Ml-M2 (Fig.5). 

Cranial module: 
basion-bregma 
breadth/3. 

glabella-opisthocranion + 
+ maximum cranial 

Dacryon: point marking junction of sutures 
between lacrimal, maxillary and frontal 
bones (Figs 3-4) (Krogman 1962:317). 

Frontal curvature index: frontal subtense 
(metopion) height x 100/nasion-bregma 
chord (Larnach and Macintosh 1966:17). 

Ectoconchion: the point on the lateral margin of 
the orbit marking the greatest breadth 
(Fig.4) (Krogman 1962:316). 

Ectomolare: the most lateral point on the outer 
surface of the alveolar ridge, opposite the 
centre of the second maxillary molar (Martin 
and Saller 1957:451). 

Glabella: in the Frankfurt horizontal plane, 
glabella is the most anterior midline point 
on the frontal bone (Figs 3-4) (Martin and 
Saller 1957:442). 

Gnathic index: basion-prosthion x 100/basion­
nasion (Krogman 1962:320). 

Gnathion: the lowest, midline point on the 
inferior border of the mandibular symphysis 
(Martin and Saller 1957:452). 

Infradentale: the most anterosuperior point on 
the alveolar margin between the mandibular 
central incisors (Martin and Saller 1957:452). 

Inion: the point where the superior nuchal lines 
meet at the rnidline. 

Lambda: intersection of the sagittal and 
lambdoid suture (Fig.3) (Martin and Saller 
1957:444). 

M2 arch breadth: measured externally with the 
tips of the calipers placed on the cemento­
enamel junction, above the anterior root, of 
the second mandibular molars. 

Mandibular length: using a mandibulometer this 
is the maximum length of the mandible, 
when in a resting position, from the most 
anterior point on the symphysis to the most 
posterior point on both condyles (Fig.5) 
(Larnach and Macintosh 1971:28). 

Mastoideale: the lowest point on the mastoid 
process (Fig.3) (Martin and Saller 1957:448). 

Mastoid depth: this measurement called mastoid 
length by Larnach and Macintosh, was taken 
from the Frankfurt line vertically down­
wards to the tip of the mastoid process 
(Larnach and Macintosh 1966:43). 

Maximum supraorbital breadth: the maximum 
supraorbital diameter of the frontal bone 
wherever found. In Aboriginal crania the 
most lateral points are generally located on 
the zygomatic trigones, although in some 
female crania the most lateral points may be 
on the fronto-malar suture (Lamach and 
Macintosh 1970:12). 



Maximum ramus breadth: 'distance from the 
most prominent point on the anterior border 
of the coronoid process to the farthest point 
on the posterior border of the bone. The 
measurement is obtained by applying one of 
the branches of the sliding caliper 
tangentially to the posterior border of the 
mandible, and bringing the other branch in 
contact with the anterior border of the 
coronoid process' (Fig.5) (Stewart 1947: 197). 

Metopion: point in the median sagittal plane 
where frontal bone elevation above the 
nasion-bregma chord is at a maximum 
(Martin and Saller 1957:444). 

Minimum ramus breadth: the smallest antero­
posterior diameter of the ramus (Fig.5) 
(Stewart 1947:154).  

Nasal breadth: the maximum breadth of the · 

nasal aperture, between the anterior surfaces 
of its lateral margins (Comas 1960:404). 

Nasal index: nasal breadth x 100/nasal height 
(nasion-nasospinale) (Bass 1971 :68-69). 

Nasion: the midline point at which the intemasal 
suture meets the fronto-nasal suture (Figs 3-
4) (Martin and Saller 1957:448). 

Nasospinale: the point at which a line tangent to 
the lower margins of the nasal aperture is 
intersected by the midsagittal plane (Figs 3-
4) (Montagu 1960:48).  

Occipital curvature index: occipital subtense 
height x 100/lambda-inion chord (Brown 
1981b). 

Occipital subtense height: point in the median 
sagittal plane where occipital bone elevation 
above the lambda-opisthion chord is at a 
maximum (Fig.3). 

Opisthion: the midpoint of the posterior border 
of the foramen magnum (Fig.3) (Stewart 
1947:136). 

Opisthocranion: the most distant (posterior) 
point on the cranium from glabella in the 
midsagittal plane, excluding the external 
occipital protuberance (Fig.3) (Comas 
1960:398). 

Orbital breadth: distance between ectoconchion 
and dacryon (Comas 1960:404). 

Orbital index: orbital height x 100/ orbital 
breadth (maxillofrontale-ectoconchion) (Bass 
1971 :69). 

Orbitale: the lowest point on the inferior border 
of the orbit (Figs 3-4) .  

Orbital height: the maximum internal height of 
the orbit perpendicular to its breadth 
(Comas 1960:404). 
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Palate module: maximum alveolar length x 
maximum alveolar breadth/ 100 (Lamach 
and Macintosh 1966:73). 

Parietal curvature index: parietal subtense height 
x 100/lambda-bregma chord (Larnach 
1974:215). 

Parietal subtense height: point where parietal 
bone elevation above the bregma-lambda 
chord is at a maximum (Fig.3) (Larnach 
1974:215). 

Postorbital breath: the minimum postorbital 
breadth of the frontal bone. This measure­
ment corresponds with Martin and Saller's 
measurement number 9 (Martin and Saller 
1957:449) .  

Prosthion: the most anteroinferior point on the 
maxilla between the maxillary central 
incisors, (Figs 3-4) (Martin and Saller 
1957:449). 

Ramus height: the vertical height of the condyle 
above the standard horizontal plane, 
measured with a mandibulometer (Fig.5) 
(Martin and Saller 1957:482). 

Sigmoid notch depth: maximum depth of the 
sigmoid notch measured vertically from the 
tangent for the uppermost points on the 
condyle and the coronoid process (Fig.5) 
(Larnach and Macintosh 1971 :21) .  

Sphenion: junction of the coronal suture with the 
sphenoid bone (Fig.3) (Martin and Saller 
1957:447). 

Spheno-basion: midsagittal point on the spheno­
occipital synchondrosis (Martin and Saller 
1957:446). 

Staphylion: the point where a line tangent to the 
most anterior border of the posterior 
margins of the palatine bones crosses the 
midline (Martin and Saller 1957:450). 

Stenion: medial point on the spheno-squamosal 
suture (Martin and Saller 1957:448). 

Stephanion: point where the superior temporal 
line crosses the coronal suture (Fig.3) 
(Martin and Saller 1957:447) . 

Symphyseal thickness: the maximum antero­
posterior dimension of the mandibular 
syrnphysis taken at a right angle to the 
syrnphyseal height dimension (Fig.6). 

Symphyseal height: height of the mandibular 
syrnphysis measured from its lowest median 
point (gnathion) to the tip of the alveolar 
process between the medial incisors 
(infradentale) (Fig.5) (Stewart 1947:151) .  
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Figure 3 Lateral and cross-sectional views of a cranium showing the location of major craniometric points 
used in this analysis 
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Superior and facial views of a cranium showing the location of major craniometric points used in 
this analysis 
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Figure 5 
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I 
i Ramus 
i height 

j _J_ _ _  

.------ M andibular length -----' 

. · : c 
. , ·. ·  orpus 

. . : .�· · h eigh t 

/ : 
I : I 

Lateral views of a mandible displaying some of the anthropometric dimensions used in this 
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Superior view of a mandible displaying some of the anthropometric dimensions used in this 
analysis 



Tooth breadth (buccolingual crown diameter): 
the greatest distance between the labial or _ 

buccal surface and the lingual surface of the 
tooth crown measured at right angles to the 
mesiodistal crown diameter of the tooth 
(Townsend and Brown 1979b:20). 

Tooth length (mesiodistal crown diameter): the 
greatest distance between the approximate 
surfaces of the tooth crown measured with a 
sliding caliper held parallel to the occlusal 
and vestibular surfaces of the crown 
(Townsend and Brown 1979b:19) .  

Upper facial index: zygion-zygion x 100/nasion­
prosthion (Krogman 1962:320). 

Zygion: the most lateral point on the zygomatic 
arch (Fig.4) (Martin and Saller 1957:450). 

Zygomaxillare: the lowest point externally on the 
zygomaxillary suture (Fig.4) (Martin and 
Saller 1957:450). 

STATISTICAL PROCEDURES 

All of those data used in Brown (1982) were 
examined for error prior to their use in this 
analysis and each of the statistics recalculated. 
Emphasis was placed on exploratory statistical 
techniques (Tukey 1977; Hoaglin et al. 1983) and 
procedures which produce the most informative 
and robust results from small samples (<50). 
Descriptive statistics (mean, standard deviation, 
standard error of estimate and coefficient of 
variation) were calculated using standard 
formulae. Graphical comparisons of the distri­
butions of data from different samples (batches) 
were made using the Box plots developed by 
Tukey (1977) (Fig.7) . Box plots provide a visual 
impression of the location, spread, skewness, tail 
length and outlying data points in a batch of data 
(Emerson and Strenio 1983). Within the box plot 
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Figure 7 Box plot for supraorbital breadth in Coobool 
Creek males with associated nomenclature 
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there are boundaries (fences) beyond which the 
occurrence of scores could be considered 
unusual. For normally distributed data the 
'hinge spread' will be 2 x 0.674s = 1 .348s and the 
box will locate the middle 503 of the data. The 
location of the median within the box provides 
some indication of symmetry. The 'inner fences' 
in normally distributed data are 4.674s from the 
mean and contain 993 of the distribution 
(Leinhardt and Wasserman 1979) .  The lines 
extending from the box locate the scores closest 
to, but inside the two inner fences and in most 
instances these indicate the position of the maxi­
mum and minimum values. Points outside the 
inner fence (less than 1 3  of the distribution) are 
termed 'outside values' and are highlighted in 
the display (*) . 

Student's t test is used to assess the signifi­
cance of differences in the sample means. This 
test assumes that variables are normally dis­
tributed and there is equality of variance 
between the groups. Suitable tests for departure 
from the normal distribution in samples >50 are 
provided by the x2 goodness of fit, skew (°'1b1), 
kurtosis (b2) and a variety of non-parametric 
methods. For samples smaller than 50 there is a 
loss of sensitivity, particularly in '1b1 and b2 due 
to the necessity of grouping together small tail 
frequencies when applying the test. A more 
powerful test for normality in small samples is 
the analysis of variance test developed by 
Shapiro and Wilk (1965) and this test will be 
employed here. Percentage points of the W dis­
tribution are given in Table 16 of Pearson and 
Hartley (1972). Distributions were also examined 
by plotting the values of a variable against 
corresponding percentage points of a standard 
normal variable (Gnanadesikan 1977). The 
Shapiro-Wilk statistic is calculated using the 
following formula: 

Order observations y1 � Yi � . . .  � Yn 

2 n 2 n 2 s = L. (y; - y) = L. (x ; - x) 
l l 

k b = L an-i+1(Yn-i+l - Y;) i-1 

w = b2/S2 

This procedure is illustrated in Figure 8. In 
this figure, data from two variables, one of which 
the W statistic indicated was approximately 
normally distributed and the other with a signifi­
cant departure from normality, are plotted using 
histograms and normal probability plots. The 
histograms have normal curves calculated from 
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Histograms and normal probability plots of the distri­
bution of glabella-opisthocranion and basion-inion in the 
Murray Valley female sample indicating the sensitivity 
of the Shapiro-Wilk statistic (W) 

the sample means and standard deviations 
superimposed over them. Glabella-opistho­
cranion (Fig.Sa) has a reasonably normal distri­
bution while basion-inion (Fig.&) has a right 
skew, kurtosis and long tails (outliers). Normal 
probability plots of these data show the points in 
glabella-opisthocranion (Fig.Sb) corresponding 
with the straight line of a normal distribution. 
However, in Figure 8d the curvature at the ends 
of the plot indicates the length of the tails and the 
curvature in the middle an asymmetric 
distribution. 

Homogeneity of variance was examined using 
the x2 test developed by Bartlett (1937). In 
instances where sample sizes are less than 10, 
Box's small sample F approximation was used 
for the probability value rather than Bartlett's 
usual x2 (Dixon and Massey 1969) .  Some caution 
is needed in applying Bartlett's test as it is sensi­
tive to non-normality in data, particularly to 
kurtosis. With long-tailed distributions the test 
gives too many erroneous verdicts of hetero­
geneity (Snedecor and Cochran 1969) .  Where a 
statistically significant difference in variance is 
indicated by x2, Student's t is calculated using 
the formula based on separate variance 
estimates. Bartlett's test is calculated using the 
following formula: 

M = (2 . 3026 ) [  (''i,J;) log s ·2 - 'i,fi log sl] ( s -2 = 2-J; s,2 /2,fi)  

c = 1 + _l__ [r.l. - ..L ] 3 (a- l )  f; 2-Ji 
x,2 = M/C with (a - 1 ) degrees of freedom 

The association between pairs of variables 
was explored using Pearson's correlation coef­
ficient, scatterplots and least-squares regression. 
To maximise the size of the samples, correlation 
coefficient matrices were calculated using the 
method of pairwise deletion. Where data sets are 
incomplete, this procedure has the disadvantage 
of possibly utilising a different subset of cases for 
each correlation. Sample sizes, significance 
levels, linearity and dispersion were examined 
for each of the correlations discussed in the text. 

Multivariate comparisons, by population and 
by sex, were made using linear discriminant 
function analysis. The statistical assumptions of 
discriminant analysis, and the methods 
employed to comply with them, are discussed in 
the section on sex determination. Statistical cal­
culations were performed using the SPSS* (SPSS 
Inc. 1 986) and SYSTAT 3.1 (Wilkinson 1987) 
packages. Shapiro-Wilk statistics were calculated 
using a program (SHPWLK) written by Yvonne 
Pittelkow of the Coombs Computing Unit, 
Australian National University. 



SEX DETERMINATION 

The high degree of regional and sex-based 
variation in Aboriginal crania makes the accurate 
determination of sex crucial for interpopulation 
comparisons and analyses of temporal change. 
However, until comparatively recently, sex 
determination of isolated Aboriginal crania was a 
matter of individual experience and judgement 
CKlaatsch 1908; Hrdlicka 1928; Fenner 1939). 
There were pitifully few crania in which the sex 
could be independently determined through an 
associated axial skeleton, therefore the accuracy 
of sex determinations based on isolated crania 
could not be objectively assessed. This situation 
was made more difficult by the commonly held 
belief that 'the considerable sexual differences in 
the Australian Aborigines makes the sexing of 
most of the skulls fairly easy' (Fenner 1939:249).  
As Hrdlicka (1928) had previously noted, this 
initial impression of a clear sex-based bimodality 
in the distribution of the crania was an artifact of 
the extremes of variation, male and female. 
There was in fact a large area of overlap in the 
distribution of the male and female crania that 
made determining the sex of some crania 
extremely difficult. 

The development of techniques for sexing 
isolated human crania, whether based on purely 
morphological criteria, combined morphological 
and metrical methods, or multivariate dis­
criminant function analysis, has always involved 
a persistent 10-20% of crania that remain 
doubtful (Keen 1950; Giles and Elliot 1963).  It is 
unlikely that any method of sex determination 
based on isolated bones of the human skeleton, 
including the pelvis (Washburn 1948), will ever 
achieve a resolution greater than 85-90%.  Indeed 
Hooton (1943) suggested that even with the 
whole skeleton, sexing is possible in only 90% of 
cases. Both in terms of morphology and size, the 
male and female ranges for most osteological 
features overlap, producing an interphase zone. 
In the Aborigine this interphase of male and 
female osteological features is documented for 
the cranium (Lamach and Macintosh 1966, 1970; 
Brown 1973; Margetts and Freedman 1977; 
Freedman and Wood 1977; Brown 198la, 198lb, 
1987a), mandible (Larnach and Macintosh 1971; 
Freedman and Wood 1977; Wu and Brown 1986), 
pelvis (Davivongs 1963a), femur (Davivongs 
1963b), clavicle (Ray 1959; van Dongen 1963), 
humerus and scapula (van Dongen 1963) and 
dentition (Barrett et al. 1964; Townsend and 
Brown 1979a, 1979b; Brown 1987a). 

The first attempt to sex a large series of 
isolated Aboriginal crania was made by Klaatsch 
(1908). Working within the limitations of collec-
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tions in  which few of  the crania had associated 
innominates, Klaatsch noted that 'female' crania 
could be distinguished by their smaller size, 
poorly developed muscular prominen�es, greater 
prognathism, smaller teeth and Jaws, less 
developed superciliary ridges and more 
prominent forehead. In 1964 Lamach and 
Freedman formalised and extended Klaatsch's 
work with the development of a combined 
morphological and metrical techni�u

.
e for det�r­

mining the sex in isolated Abongmal cran1a. 
Since then, Aboriginal crania, with inadequate 
axial skeletons for independent sex identification, 
have frequently been sexed by this method 
(Freedman 1964; Lamach and Macintosh 1966, 
1970; Thome 1976; Wallace and Doran 1976; 
Margetts and Freedman 1977; Freedman and 
Lofgren 1979a; Pietrusewsky 1979, 1984; Brown 
1987a). 

There have always been two major problems 
associated with the use of the Lamach and 
Freedman technique. Firstly, although 107 
coastal New South Wales crania were used to 
develop the method, only 18 of these could be 
independently sexed through an associated axial 
skeleton. Secondly, there is a large degree of 
regional variation in Aboriginal crania (Giles 
1976; Pietrusewsky 1979, 1984; Brown 1987a), a 
variation which may influence expression of the 
morphological and metrical featu�es used �n �he 
technique. The importance of regional vanation 
was indicated in my reassessment of the Lamach 
and Freedman technique with an independently 
sexed series from the central Murray Valley 
region (Brown 1981b). With the larger Mu�ay 
Valley crania the section points for the palate size 
and mastoid size modules had to be increased, as 
did the overall male/female section point. It was 
also clear that the continuous morphological 
traits (glabella prominence, superciliary ridge 
development, zygomatic trigone size, malar 
tuberosity prominence �d occipital 

. 
d�velop­

ment) used in the techruque were difficult to 
assess in terms of Lamach and Freedman's 
developmental categories. This is certainly not 
an easy technique for the novice to use. With 
large samples, reproducible results

. 
are almost 

impossible to obtain, even when usmg extreme 
care and repeated trials. 

. . An alternative approach to sex determination 
is the use of linear discriminant functions 
developed on crania from a known sex popula­
tion. This method has been used to determine 
the sex of isolated crania, either from the initial or 
an adjacent population (Thieme and Sc�ull 1957; 
Hanihara 1958, 1959; Giles and Elhot 1963; 
Kajanoja 1966; Henke 1974; Richards 1984; Brown 
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1987a). Although discriminant functions 
developed on other populations have been used 
to sex Australian Aboriginal crania (Lamach and 
Freedman 1964; Brown 1981b), only recently 
have they been developed from independently 
sexed Australian crania (Townsend et al. 1982; 
Brown 1987a). It has been found that while 
discriminant functions produce accurate results 
for the population on which they were 
developed, a reduced level of correct classifica­
tion can be expected when these functions are 
applied to different populations (Birkby 1966; 
Kajanoja 1966; Henke 1974). An additional 
difficulty concerns the preservation of crania in 
museum collections, as well as those recovered 
from archaeological sites. Damage to the facial 
skeleton, zygomatic arches and basicranium is 
often present and this limits the number of 
variables which can be consistently applied to 
large samples of isolated crania. 

For instance Townsend et al. (1982) used 
lateral and frontal standardised roento­
genograms, collected as part of a longitudinal 
growth study of Aborigines living at Yuendumu, 
to develop 21 discriminant functions for sexing 
isolated Aboriginal crania. Fourteen of the 21 
functions required that bizygomatic breadth be 
recorded, 13 of the 21 required the use of basion­
bregma, and several of the other variables were 
also associated with anatomical areas which are 
often not preserved in collections of archaeologi-

cal ongm (bigonial breadth, basion-prosthion 
and ramus height). The application of their 
Function 8, which uses bizygomatic breadth, 
glabella-opisthocranion and basion-bregma, 
illustrates some of the difficulties which may 
arise from applying discriminant functions to 
populations other than those on which they were 
developed and where there is incomplete preser­
vation (Fig.9). This function accurately predicted 
the sex of 87.5% of a sample of Aboriginal crania 
from the Murray Valley which could be inde­
pendently sexed through associated innominates. 
This is less than the classification accuracy which 
Townsend et al. (1982:Table 4) obtain, 98% on 
their basic sample and 95% on a control, but still 
within acceptable limits. Function 8 was then 
applied to the series from Coobool Creek (Brown 
1981b, 1987a). This sample was initially sexed 
using morphological criteria (Lamach and 
Freedman 1964; Brown 1981a) into nine females 
and 21 males. Many of the Coobool Creek crania 
have damaged zygomatic arches and basi­
occipital regions, with only nine being complete 
enough to apply Function 8. The two morpho­
logical females, and five of the six morphological 
males, obtained discriminant function scores 
which exceeded the range of similarly sexed 
Murray Valley crania. Due to their large size, if 
the morphologically female crania had been 
sexed by Function 8 alone they would have been 
classified as male. In order to determine the sex 
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of fragmentary cranial material, and assist in 
sexing the morphologically and metrically . 
distinct terminal Pleistocene crania, a series of 
discriminant functions were developed from the 
Murray Valley sample. These discriminant func­
tions were used in tandem with the combined 
morphological and metrical technique of Lamach 
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Modified Lamach and Freedman technique 

One hundred Aboriginal crania with associa­
ted postcranial skeletons formed the Murray 
Valley sample. Sex was determined through an 
examination of the pelvis and sacrum, as the 
highest levels of accuracy have been obtained 
using these (Washburn 1948; Phenice 1969). 
Emphasis was placed on the size and 
morphology of the acetabulum and greater 
sciatic notch, morphology of the pubis and sacro­
iliac articulation and breadth of the sacrum. 
Only individuals with clearly male or female 
innominates were included in the sample (47 
males and 53 females). 

The Larnach and Freedman technique entails 
the assessment of five morphological features 
and the calculation of two modules. For each of 
these characters three classes are delineated. 
Class 1 in each case represents the most charac­
teristically female form of the feature, Class 3 the 
most male, and Class 2 the intermediate group. 
Each character is scored out of three and a total 
score, the sum of the seven characters is given 
out of a possible 21 . Larnach and Freedman 
classed individuals scoring 7-1 1  as female and 
those scoring 12-21 as male. 

Assessment of the five craniomorphic sexing 
characters (glabella prominence, superciliary 
ridge development, zygomatic trigone size, malar 
tuberosity prominence and the occipital muscle 
markings) in the Murray Valley sample was 
based on a set of standard casts of the original 
specimens that defined the Class 2 limits. These 
were supplied by the Department of Anatomy, 
University of Sydney. The dimensions used to 
determine palate and mastoid size were recorded 
to the nearest millimetre using the procedure 
defined by Lamach and Freedman (1964). The 
raw scores, class percentages, descriptive statis­
tics and tests of significance for these data are 
presented in Brown (1981a) and will not be 
discussed in detail here. 

The initial application of the Larnach and 
Freedman technique indicated that 39.6% of the 
Murray Valley female crania (as sexed on 
innominates) gained a total sex score higher than 
the Larnach and Freedman section point of 1 1  
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Figure lOa Larnach and Freedman sexing score 
distribution for Aboriginal crania from 
the Murray Valley 
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Figure tob Distribution of the crania in Figure 
lOa using the recalculated Class 2 
limits for palate and mastoid size 
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(Fig.lOa). The Murray Valley female range was 
7-16 and males 12-21 .  The section point of 14.5, 
calculated from the male and female means, 
correctly sexed 92.5% of the female and 91 .4% of 
the male crania. There was, however, a large 
area of overlap (scores 12-16) between the male 
and female ranges containing 34% of the total 
crania. 

A comparison of the Murray Valley and 
Larnach and Freedman's coastal New South 
Wales data indicated that the major discontinuity 
was palate and mastoid size. Murray Valley 
palates and mastoid processes are significantly 
larger (P = .01-.001 ) than those from coastal New 
South Wales. The recalculation of the Class 2 
limits for palate size (increased from 35-39 to 39-
42) and mastoid size (increased from 55-80 to 75-
105) improved the bimodality of the sex-score 
distribution in the Murray Valley sample 
(Fig.lOb). The area of overlap between the male 
and female sex scores (12-14) was reduced and 
contained only 15% of the total crania. The 
section point of 13 .6 correctly sexed 94.3% of the 
female and 89.4% of the male crania. Although 
demonstrating that the Larnach and Freedman 
technique could accurately sex Aboriginal crania, 
it is apparent that there is some regional varia­
tion in the development of the sexing characters, 
most notably palate and mastoid size. This 
remains a problem for material stemming from 
areas other than the Murray Valley. 

Discriminant function analysis 

The development of linear discriminant 
function analysis began in the 1930s with its roots 
in the developmental work of Fisher (1936). The 
classic problem in discriminant analysis is to 
assign an unknown subject to one of two or more 
groups on the basis of a multivariate observation 
(Lachenbruch and Goldstein 1979). This predic­
tive and inferential technique has proved partic­
ularly useful for determining the sex of isolated 
bones of the human skeleton (Martin 1936; 
Thieme and Schull 1957; Hanihara 1958, 1959; 
Giles and Elliot 1963; Giles 1964; Kajanoja 1966; 
Henke 1974; Townsend et al. 1982; Brown 1987a). 

The discriminant function for deciding 
between alternative hypotheses (populations) on 
the basis of the observed data is the logarithm of 
the likelihood ratio for two simple hypotheses 
given the observation (Welch 1939). This 
discriminant function provides a sufficient 
reduction of data for drawing inferences on the 
two alternative hypotheses (Smith 1947; Rao 
1966). The mathematical objective is to weigh 
and linearly combine the discriminating variables 
so that the groups are forced to be as statistically 

distinct as possible. These discriminant functions 
are of the form: 

where D is the score on discriminant function i, 
the d's are the weighting coefficients, and the Z's 
are the standardised values of the p discrimina­
ting variables used in the analysis (Nie et al. 
1975). The maximum number of functions which 
can be derived is either one less than the number 
of groups or equal to the number of discrimina­
ting variables. These functions maximise the 
separation of the groups. A detailed description 
of the mathematical basis of discriminant 
analysis can be found in Eisenbeis and A very 
(1972) and Goldstein and Dillon (1978), with an 
excellent summary of recent work in this field in 
Lachenbruch and Goldstein (1979). As the 
mathematical basis to discriminant analysis is 
well established it will not be examined further 
here. 

Of greater importance is an examination of 
the underlying assumptions of discriminant 
analysis and multivariate statistics in general 
(Eisenbeis and Avery 1972; Corruccini 1975; 
Goldstein and Dillon 1978; Lachenbruch and 
Goldstein 1979). Linear discriminant analysis 
assumes that: 
1.  The initial groups used in developing the rule are 

correctly classified and that the groups are discrete 
and identifiable. 

2. Large sample size. 
3.  The observations have a multivariate normal dis­

tribution in each population. 
4. Equality of variance. 
5. Linearity and homogeneity of covariance. 

As Corruccini correctly points out, 'the uni­
formity of input data to these conditions is not 
commonly documented or defended by 
researchers in physical anthropology' (1973:744). 
This is certainly the case with the majority of 
published accounts of sex determination using 
discriminant functions (Giles and Elliot 1963; 
Giles 1964; Kajanoja 1966) . As discriminant 
analysis will be used extensively in this analysis, 
these assumptions will be examined in detail. 

Group classification 

The basis for group membership was sex. 
Each cranium in the Murray Valley sample was 
originally sexed through its associated pelvis, 
with only what I considered to be positive males 
and females included in the analysis. My more 
recent experience with large-known sex samples 
of European and southern Chinese skeletons 
indicates that the overlap in male/female pelvic 
size and morphology probably resulted in a mis-



classification of 5-10%. As there are no large­
known sex samples of Aboriginal skeletons . 
available, this level of misclassification is 
unavoidable. Even with precise sex identification 
there remains an overlap in the male and female 
ranges in terms of cranial size and morphology. 
However, it is not a prerequisite of discriminant 
analysis that each group be statistically unique. 

A possible source of error is the lack of geo­
graphic and temporal control with the Murray 
Valley material. This was unavoidable. This 
collection was used precisely because it is the 
only large, regional series of Aboriginal crania 
with associated postcranial skeletons available. 
The only two other populations with associated 
postcranial skeletons, Roonka and Broadbeach, 
are poorly preserved and not suitable for this 
type of analysis. Also, there are only five females 
in the Broadbeach sample. 

Sample size 

Formalised statements as to what constitutes a 
sufficiently large sample for purposes of dis­
criminant analysis are few in the literature. 
Lachenbruch and Goldstein (1979) note this 
difficulty and observe as a general 'rule of 
thumb' that there should be three times as many 
observations as there are parameters to estimate 
in each group. This number will decrease for 
populations which are well separated and 
increase for those which are close together. 
Providing that there are no gross distributional 
irregularities in those data under examination, 
discriminant analysis does appear to be able to 
obtain reliable results from quite small samples, 
<30. In this instance, given the sex-based 
dimorphism in Aboriginal crania, and the 
restriction of the discriminant analyses to a 
maximum of seven variables, a sample size of 
100 crania (53 female and 47 male) appears 
adequate. 

Multivariate normalcy 

The assumption of multivariate normalcy is 
central to all multivariate analysis dependent on 
probability theory (Cooley and Lohnes 1971;  
Corruccini 1975). In spite of  this there appears to 
be no consensus as to the robustness of multi­
variate statistics for non-normal distributions. 
Mardia (1971 ) and Blackith and Reyment (1971 ) 
suggest that distributional irregularities do not 
adversely influence statistical distances, but Vogt 
and McPherson (1972) disagree. This situation is 
complicated by the absence of a recognised test 
for comparing data with the multivariate normal 
distribution. Some control on this can be 
obtained by limiting the number of observations 
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recorded and by analysing their distribution in 
univariate space (Sokal and Rholf 1969). Normal 
probability plots and the Shapiro-Wilk statistic 
were used to compare data with a normal distri­
bution. 

Homogeneity of covariance 

The performance of the linear discriminant 
function may be affected if the sample covariance 
matrices are unequal (Lachenbruch and 
Goldstein 1979). It has been generally assumed 
in the anthropological literature that the dis­
criminant function is robust to inequalities in 
covariance (Giles and Elliot 1963; Giles 1964; 
Kajanoja 1966; Henke 1974). Tests of equality of 
the covariance matrices are not presented. The 
reason for this is that tests of dispersion homo­
geneity are powerful and almost always reject 
the hypothesis (Cooley and Lohnes 1971 ). Even 
with extreme data reduction I have found that 
with comparisons of human crania it is not 
always possible to obtain equality of covariance 
between groups. However, through careful 
variable selection the sample covariance matrices 
may be made reasonably similar. It has been 
demonstrated that the performance of the linear 
discriminant function is satisfactory if the 
covariance matrices are not too different (Gilbert 
1969; Marks and Dunn 1974) .  

It  should be remembered that irregularities in 
covariance matrices between populations may be 
of biological significance. The researcher must 
choose between satisfying the statistical assump­
tions of a particular technique and perhaps 
compromising the biological information that 
may be recovered from the analysis. In this 
instance, as I was interested only in classification, 
particular attention was placed on homogeneity 
of covariance. A test for homogeneity of 
covariance, Box's M (Box 1949), and its associated 
F test were employed. 

Variable selection 

The aim of the discriminant analysis with the 
Murray Valley crania was to develop discrimi­
nant function coefficients which could be used to 
sex the Coobool Creek series. Many of the 
Coobool Creek crania are incomplete, with 
damage to the zygomatic arches being 
particularly common. The first step was to select 
a subset of variables which displayed marked 
sexual dimorphism, as indicated by Student's t 
test, within the Murray Valley sample. The dis­
tribution of each variable was then compared to 
the normal curve using the Shapiro-Wilk statistic 
(W) and probability plots. Variables displaying a 
significant deviation from the standard normal 



Table 1 Descriptive statistics for variables included in discriminant function analysis of male and female crania from the Murray Valley 

Shapiro 
Variable Sex n 2: s Wilk 

Maximum biparietal 0 5 4  1 3 0 . 5  4 . 5 2 0 . 9 7 8  
breadth � 5 3  1 2 7 . 2  4 . 7 0 0 . 9 7 3  

G l a be l l a- 0 4 7  1 8 9 . 1  5 . 7 5 0 . 9 6 2  
opi stho c ran ion � 5 2  1 7 9 . 8  5 . 0 2 0 . 9 7 9  

B a s ion-bregma 0 4 5  1 3 3 . 4  4 . 0 4 0 . 9 7 2  
� 5 0  1 2 6 . 3  4 . 3 8 0 . 95 1  

Supraorb i t a l  breadth 0 4 7  1 0 8 . 5  3 . 4 8 0 . 9 5 7  

N a s ion- n a s o spinale 

Alveo l a r  length 

M a s t o i d  depth 

Table 2 

� 5 3  1 0 5 . 2  4 . 1 2 0 . 9 5 1  
0 4 7  4 9 . 9  2 . 6 6 0 . 9 6 8  
� 5 3  4 7 . 3  2 . 5 4 0 . 9 5 2  
0 4 7  6 4 . 1  3 . 9 8 0 . 9 7 0  
� 5 3  5 9 . 3  3 . 2 4  0 . 9 7 0  
0 4 7  3 1 . 2  2 . 3 5 0 . 9 5 4  
� 5 3  2 7 . 1  2 . 0 8 0 .  9 4 4  

Standardised discriminant function coefficients, 
means, section paint and classification percen­
tages for discriminant function 1 developed 
with the Murray Valley sample 

P roba- P roba- Student ' s  Proba-
bility x2 bility 

0 . 1 0 
0 . 1 0 0 . 0 8 5  0 . 7 7 0  

0 . 1 0 
0 . 5 0 0 . 8 9 7  0 . 3 4 4  

0 . 1 0 
0 . 0 5 0 . 2 8 7 0 . 5 9 2 

0 . 1 0 
0 . 0 5 1 . 3 8 9  0 . 2 3 9  

0 . 1 0 
0 . 0 5 0 . 0 9 8  0 . 7 5 4  

0 . 1 0 
0 . 1 0 2 . 0 0 9  0 . 1 5 6  

0 . 1 0 
0 . 0 5 0 .  7 1 7  0 . 3 9 7 

Va riable 

Maximum bipa r i e t a l  breadth 
Glabe l l a -opi s th o c ran i on 
B a s ion -bregma 
Maximum supraorbi t a l  breadth 
N a s i o n -na so s p in a l e  
Alveo l a r  breadth 
Ma s t o i d  depth 

Ma l e  me an 
Ma l e  range 
Ma l e  c l a s s i fi ca t i on ( % )  
Fema l e  mean 
Fema l e  range 
Fema l e  c l a s s i f i ca t i on ( % )  
Sect i on point 
T ot a l  c la s s i f i c at ion ( % )  
E i genva l u e  
Canon i c a l  c la s s i f i cation 
Wi l k '  s Lambda 
Chi - s qu a red 
P robabi l i ty 

t bil ity 

3 . 4 5 0 . 0 0 1  

8 . 5 5 0 . 0 0 0  

8 . 2 3 0 . 0 0 0  

4 . 2 9  0 . 0 0 0  

4 . 9 1 0 . 0 0 0  

6 . 6 5 0 . 0 0 0  

9 . 1 4 0 . 0 0 0  

Standardi sed 
coefficient s 

0 . 1 4 8 3 3  
0 . 4 6 1 6 4 
0 . 4 5 7 9 6  

- 0 . 2 5 1 1 7  
0 . 2 0 0 0 3  
0 . 3 2 0 4 1  
0 . 5 3 1 8 5  

Descriptive 
data 

1 8 8 . 1  
1 7 8 - 1 9 5 

9 0 . 0  
1 7 6 . 8  
1 6 9 -1 8 4 

9 5 . 7  
1 8 2 . 5  

9 3 . 4  
2 . 3 0 9  
0 . 8 3 5  
0 . 3 0 2 

1 0 2 . 3 3 
0 . 0 0 0  

� 



distribution were excluded. Within this subset, 
variables which were preserved in the majority of , 
the Coobool Creek sample were chosen. After a 
series of discriminant runs the optimum set of 
discriminating variables were selected from this 
set (Tables 1-2). Twenty of the 30 Coobool Creek 
crania were complete enough for an attempt to 
classify them using standardised discriminant 
function coefficients developed from the Murray 
Valley series. 

Analysis and results 

Linear discriminant functions were calculated 
using the SPSS package DISCRIMINANT (SPSS* 
1986). The method chosen was MAHAL which 
maximised the Mahalanobis distance between 
groups. Probabilities of misclassification, plots of 
the discriminant scores, eigenvalues and Wilk's 
Lambda were examined for each function. 
Covariance matrices were calculated for the male 
and female samples and tested for homogeneity 
with Box's M (Box's M = 0.249, F = 0.816, P = 
0.740). The F ratio associated with Box's M is not 
significant at the .05 level and it is reasonable to 
assume that the dispersion in the male and 
female groups is equal. The standardised 
coefficients (Table 2) indicate that the major con­
tributor to the function is mastoid depth, 
followed by glabella-opisthocranion (maximum 
cranial length) and basion-bregma (cranial 
height). Previously, Larnach and Freedman 
0.964:) found that the size of fhe mastoid process 
was ami excellent singfe: indicator of sex in 
Aboriginal crania. In a trial series of discriminant 
analyses the exclusion of mastoid depth from the 
variable list resulted in a 5-10% reduction in the 
discriminatory power of the final function. 

The canonical function associated with 
discriminant function 1 indicates a high correla­
tion between the function and the variables 
which define group membership. The converted 
discriminant function scores (produced by 
multiplying the raw data for each individual 
with the standardised coefficients in Table 2) are 
plotted in Figure l la .  The distribution is not 
particularly bimodal but this may improve with a 
larger sample. Henke (1974) obtained a multi­
modal distribution in his discriminant analysis of 
a large series of known sex crania. More 
importantly the section point identifies 90.0% of 
the male and 95.7% of the female crania with an 
overall accuracy of 93.4%. Under ideal circum­
stances the classificatory power of this function 
should be tested by applying it to another, 
independently sexed, large sample of Aboriginal 
crania. Unfortunately, suitable samples do not 
exist. However, an illustration of the robustness 
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of the function could be obtained by applying it 
to a known sex series of southern Chinese crania. 
With the Chinese sample of 24 males and 14 
females, the Murray Valley discriminant function 
correctly sexed 79.6% of the males and 78.6% of 
the females (male x 185.8, female x 176.1, section 
point 180.95) .  Given the morphological 
differences between Aboriginal and southern 
Chinese crania this is a reasonable result. The 
discriminant function developed from the 
Murray Valley crania was then applied to the 
Swanport and Coobool Creek series. 

Swanport 

Of the 48 crania from Swanport included in 
this analysis only six could be sexed through an 
associated pelvis. All of the Swanport crania 
were initially sexed using the Larnach and 
Freedman (1964) technique. The palates and 
mastoid processes of the Swanport population 
are not as large as those in the Murray Valley 
sample, so the modified Class 2 limits for palate 
and mastoid size were not employed. The total 
sex scores for these crania are plotted in Figure 
12 .  Using the section point developed from 
Murray Valley crania (14.5), individuals scoring 
less than 15 were classed as female and those 
scoring greater than 14 as male. It is to be 
expected that between 10-15% of the total are 
misclassified by this section point. 

As an alternative means of sexing, and to 
double-check the Larnach and Freedman sex 
scores, the standardised discriminant function 
coefficients developed on the Murray Valley 
crania were then applied (Fig.1 lb). In Figure 1 lb, 
individuals classified as female according to the 
Larnach and Freedman (1964) technique are 
plotted below the axis and males above. The dis­
criminant results support those obtained in the 
Larnach and Freedman analysis. Two crania (S92 
and 97) obtained intermediate scores with both 
techniques. Townsend and Brown (1979a) found 
that canine size was a good discriminator 
between male and female Aborigines. In this 
instance the large maxillary canines of S97 
(buccolingual breadth 9.7 mm) suggest it is male 
and the small dentition of S92 appears to be 
female. 

The smaller size of the Swanport crania 
relative to the Murray Valley sample is reflected 
in the distribution of the discriminant function 
scores. The Swanport section point (179.1 )  is 
lower than that in the Murray Valley sample 
(182.5) as are the male and female mean scores. 
Due to the regional variation in Aboriginal 
cranial size and morphology I think it is unlikely 
that any one sexing technique will ever achieve 
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Figure 11 Distribution of male and female crania from the Murray Valley, Swanport and Coobool Creek using 
discriminant function 1 

Figure 12 

Larnach and Freedman sexing score distribution 
for Aboriginal crania from Swanport 
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an accuracy greater than 85-90% in continent­
wide applications. The combined results of the 
Larnach and Freedman and discriminant 
function analyses indicate that there are 25 male 
and 23 female crania in the Swanport sample. 

Coobool Creek 

None of the Coobool Creek crania used in this 
analysis has associated postcranial skeletons 
complete enough for a positive identification of 
sex. Sex determination is possible only through 
an examination of the crania. This is complicated 
by temporal factors, most notably their relatively 
large size and the presence of artificial deforma­
tion (Brown 1981b, 1987b). As a result, it is 
probable that the direct application of discrimi­
nant functions developed from the recent Murray 
Valley sample would produce misleading results 
(Fig.1 lc). In Figure 1 lc the relatively large size of 
the Coobool Creek male and female crania is 
indicated by the use of discriminant function 1 .  
Crania which on morphological grounds were 
male are plotted above the horizontal axis and 
females below. Several of the 'male' and 'female' 
crania obtain discriminant function scores which 
exceed their respective Murray Valley range and 
the section point is located at a much higher 
score. Taken in isolation this analysis would 
have mistakenly identified several of the female 
crania, particularly CC2, as male. Fortunately, 
there is presently no evidence of temporal varia­
tion in the five craniomorphic sexing characters 
of Larnach and Freedman (Thorne 1975). 

The Coobool Creek crania were sexed using 
the modified form of the Lamach and Freedman 
(1964) technique (Table 3) with the increased 
Class 2 limits for palate and mastoid size (Brown 
1981a). The palates and mastoid processes in the 
Coobool Creek crania are extremely large, in 
some crania exceeding the recorded Australian 
range. Even using the increased Class 2 limits no 
crania were found to have Class 1 mastoid 
processes and only two (CCl and 7) have Class 1 
palates. However, the morphological sexing 
characters were all within the modern range of 
development. Two features (glabella prominence 
and the size of the occipital muscle markings) 
were generally not prominent and this may 
balance the high scores achieved for the two 
modules (palate size and mastoid size). The 
section point developed using the modified 
Lamach and Freedman technique on Murray 
Valley crania was applied to the Coobool Creek 
series. Individuals scoring greater than 13 were 
classed as male and those scoring less than 14 as 
female. These results are plotted in Figure 13. 
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Male x 
1 7.4 

8 
13 

5 28 36 
23 45 46 16 

Coobool Creek 66 29 49 35 65 37 

7 8 9 10 
1 7 

Figure 13 

10 82 51 75 41 71 76 
1 1  1 2  1 3  14 15 16 1 7  18  1 9  20 21 
9 18 2 

38 47 12 

I 50 

Femalex 
1 1 .6 

Modified Lamach and Freedman sex­
ing score distribution for the Coobool 
Creek crania 

Kow Swamp, Cohuna, Keilor and Mossgiel 

Thorne (1975) sexed the Kow Swamp crania 
using the Larnach and Freedman (1964) tech­
nique supported by information from the 
postcranial skeleton. Given the fragmentary 
condition of these crania, Thome's assessments 
are as accurate as the material allows. The adult 
male Kow Swamp crania comprise KSl, 5, 7, 8, 9, 
14 and 15 and the females KS4 and 16 (possibly 
adolescent). 

Application of both the Lamach and 
Freedman method (1964; Brown 1981a) and 
standardised discriminant function coefficients to 
the Cohuna and Keilor crania indicate that they 
are clearly male (Brown 1987a). Freedman's 
(1986) detailed description of the Mossgiel 
skeleton, combined with my own observations, 
indicates that this is a male individual. Although 
post-depositional damage to both innominates 
prevented their use in sex identification, the 
application of the Larnach and Freedman (1964) 
technique to the cranium obtained a score above 
the female section point. 

Lake Mungo I and III and WLH 50 
Each of these crania are fragmentary, and 

without postcranial skeletons complete enough 
for sex identification. For one of these, LMI, this 
does not present a problem. The small size and 
ultra-feminine morphology of LMI make it clear 
that it is female (Thome 1975; Brown 1987a). 

Far more problematic is the sex of LMIII. 
Recently several authors (Flood 1983:67-68; 
Thorne 1984; Wolpoff 1985a, in press; Stringer 
and Andrews 1988) have described one of the 
more recently discovered skeletons from the 
Willandra Lakes region; WLH 50 from Lake 
Garnpung close to Lake Mungo. Wolpoff (in 
press) argues that the cranial vault of WLH 50 
exhibits dramatic metric similarity to the archaic 
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Table 3 Raw scores for the seven Larnach and Freedman (1964) sexing characters in the Coobool Creek crania 
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Homo sapiens from Ngandong. This is supported 
by Stringer and Andrews (1988 :1266) who find 
that WLH 50 is 'the only credible morphological 
intermediary between middle Pleistocene 
Indonesian hominids and late Pleistocene 
Australians'. Although these claims have yet to 
be tested, data in Flood (1983) and Wolpoff (in 
press), combined with my own observations, 
indicate that at the very least WLH 50 has a 
particularly large and robust cranial vault. 
However, while Wolpoff (1985a, in press) argues 
that WLH 50 is temporally earlier than other pre­
historic skeletal materials from Australia this is 
not supported by the dates published for this 
specimen. Using electron spin resonance, Caddie 
et al. (1987) demonstrated that WLH 50 appeared 
to be of similar age, or younger, than LMIII. This 
has some relevance to the potential sex of LMIII. 

If LMI and WLH 50 represent the extremes of 
female and male variation in the Willandra Lakes 
region during the late Pleistocene then LMIII is 
morphologically and metrically intermediate on 
the scale they represent. Bowler and Thorne 
(1976), using the mandible sexing technique of 
Larnach and Macintosh (1971 ), sexed this 
individual as male. Unfortunately only 33 of the 
93 mandibles used by Larnach and Macintosh to 
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develop their sexing technique were of known 
sex and their results are in doubt, as is that for 
LMIII. The application of standardised discrimi­
nant functions developed from 138 known sex 
Aboriginal mandibles also indicated that LMIII 
was male (Brown 1987a). However, this issue is 
complicated by the evidence for greater size and 
robusticity in the Pleistocene combined with the 
apparent contemporaneity of LMIII and WLH 50. 
When the same discriminant functions were 
applied to three of the Coobool Creek female 
mandibles two of them obtained scores on the 
male side of the section point (Brown 
1987a:Fig.2) .  Future detailed description and 
comparison of the LMIII skeleton may clarify this 
issue. 

Broadbeach, Roonka, Nacurrie and Lake 
Nitchie 

The skeletal material from each of these loca­
tions was sexed through an examination of their 
associated pelves and sacrums. Emphasis was 
placed on the size and morphology of the 
acetabulum and greater sciatic notch, 
morphology of the pubis and sacro-iliac articula­
tion and breadth and curvature of the sacrum 
(Washburn 1948; Krogman 1962; Phenice 1969). 
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III 
THE COOBOOL CREEK CRANIA 

UNIVARIATE AND MORPHOLOGICAL 
COMPARISON 

Introduction 

In the post-Darwinian rush to elucidate the 
evolutionary sequence linking Homo sapiens with 
the common ancestor of the Hominoidea, con­
siderable attention was focused on the 
apparently 'primitive' features of Aboriginal 
crania (Huxley 1864; Topinard 1872; Turner 1884; 
Hartman 1885; Schoetensack 1901; Klaatsch 
1908) .  From this initial descriptive work has 
arisen a large descriptive and comparative litera­
ture on Australian crania. 

The non-metric, morphological characteristics 
of Australian crania have been extensively 
described, with the recent work of Lamach and 
Freedman (1964), Larnach and Macintosh (1966, 
1970) and Thome (1976) stemming from the 
pioneering studies of Klaatsch (1908) and Fenner 
(1939). Initially the emphasis of these studies 
was purely descriptive (Klaatsch 1908; Krogman 
1932; Fenner 1939), with little attention to internal 
geographic differentiation and sexual 
dimorphism. In more recent work (Lamach and 
Macintosh 1966, 1970; Kellock and Parsons 1970· 
Thome 1976; Pietrusewsky 1984; Freedman 1986; 
Brown 1987a) there has been an increasing 
emphasis on regional, temporal and sex-based 
variation in aspects of Aboriginal cranial 
morphology. 

Historically the emphasis of the craniometric 
studies have followed a similar pattern to the 
morphological analyses. The initial emphasis 
was descriptive, with Klaatsch (1908) reporting 
the metrical characteristics of 87 crania from 
Queensland. Morant (1927) combined data from 
previous studies in his comparison of Tasmanian 
and continental Australian crania. During the 
same period Hrdlicka (1928) published a large­
scale metrical survey of nearly 1000 crania from 
the Departments of Anatomy and Museums in 
Sydney, Melbourne, Adelaide and London. 
Hrdlicka's data demonstrated what anthro­
pologists up until that time had believed but not 
quantified, that there was marked regional and 
sex-based variation in Aboriginal cranial 
morphology. 

With recent univariate and multivariate 
analyses there has been an increasing concentra­
tion on aspects of regional and temporal varia-

tion (Freedman 1964; Brown 1973; Thorne and 
Wilson 1977; Freedman and Wood 1977; Margetts 
and Freedman 1977; Pietrusewsky 1979; Brown 
1987a). However, functional statements are 
largely restricted to analyses of the oro-facial 
complex, with an extensive series of papers 
resulting from the long-term growth study of the 
Walbiri and Pintubi people of Yuendumu 
(Barrett et al. 1963a; Barrett et al. 1965; Brown and 
Barrett 1973; Brown 1973) .  

Metrical and morphological descriptions have 
�l� 

_
been pub�ished on the majority of the 

md1VIdual prehistoric, terminal Pleistocene and 
early Holocene, crania which have been dis­
covered since Talgai was unearthed in 1884. The 
Talgai cranium was initially described by Smith 
(1918), with Helman (1934) and Macintosh 
(1952a) later challenging his observations on the 
presence of distinctive archaic features in the 
teeth and palate. Wunderly (1943) provides a 
description of the Keilor cranium; Macintosh 
(1971 ) Lake Nitchie; Wallace and Doran (1976) 
Mt Cameron West; Freedman (1986) Mossgiel; 
Freedman and Lofgren (1983) Lake Tandou· and 
in a series of publications Thome (1969, 

1
1976; 

Thorne and Macumber 1972) covers the 
morphological and metrical characteristics of the 
Kow Swamp crania. Less detailed information is 
available for a number of other prehistoric crania 
including those from Lake Mungo (Bowler et al'. 
1970; Bowler et al. 1972; Bowler and Thorne 1976) 
and Roonka (Prokopec 1979) .  

For purposes of morphological comparison I 
have been strongly influenced by the work of 
Klaatsch (1908), Fenner (1939), Lamach and 
Macintosh (1966, 1970) and Thorne (1975). My 
general approach is similar to that taken in 
Chapter IV with the Coobool Creek mandibles. 
Rather than attempt to compare the development 
of the continuous morphological features in the 
Coobool Creek crania with the graded data 
published for other Australian series, I make 
continual reference to 60 Aboriginal crania (30 
males and 30 females) from Euston in the central 
Murray Valley. The Coobool Creek crania were 
also directly compared with those from Kow 
Swamp and Cohuna. 

Using the statistical procedures outlined in 
Chapter II, metrical comparisons are made 
between the Coobool Creek crania and those 
from the Murray Valley, Swanport, Broadbeach, 
Barham and Kow Swamp samples, using the 



Table 4 Descriptive and comparative statistics for the Coobool Creek male and female cranial dimensions (mm) 

Coefficient 
of Shapiro Proba- P roba- Student ' s  P roba-

Variable Sex n x • variat ion Min . Max .  Wi lk bil ity x2 bility t bility 

Maximum bipa r i e t a l  d' 2 2  1 3 7 . 9  4 . 2 3 3 . 0 6 1 2 9  1 4 5 0 .  9 2 2  0 . 1 0 
bre adth <? 9 1 3 3 . 2  5 . 9 1 4 . 4 3 1 1 9  1 3 8  0 . 7 5 7  0 . 0 1 1 . 3 5 0 . 2 4 5 2 . 4 9  0 . 0 1 9  

Glabe l l a- d' 2 2  1 9 5 . 6  7 . 3 4 3 . 7 5 1 8 2 2 1 1  0 . 9 8 7  0 . 9 9 
opi stho cran i o n  <? 9 1 8 6 . 1  6 . 6 7 3 . 5 8 1 7 6  1 9 5 0 . 9 1 8  0 . 1 0 0 . 0 9 0 . 7 5 5  3 . 3 4 0 . 0 0 2 

Glabe l l a- l arnbda d' 2 2  1 9 1 .  9 7 . 7 7 4 . 0 4 1 7 9  2 0 7  0 . 9 6 8  0 . 5 0 
<? 9 1 8 1 . 6 6 . 0 6 3 . 3 4 1 7 1  1 8 8 0 . 8 9 1  0 . 1 0 0 . 6 2 0 . 4 2 8  3 . 5 6 0 . 0 0 1  

B a s ion-bregma d' 2 0  1 4 1 . 2  5 . 5 2 3 . 9 0 1 3 4  1 5 3  0 . 9 6 3  0 . 5 0 
<? 9 1 3 7 . 2  6 . 6 2 4 . 8 3 1 2 7  1 4 7  0 . 9 8 6  0 . 9 8 0 . 3 7 0 . 5 4 0  1 .  6 8  0 . 1 0 3 

B a s ion- n a s i on d' 2 0  1 0 4 . 8  3 . 1 2 2 . 9 8 1 0 0 1 1 1  0 . 9 4 0  0 . 1 0 
<? 8 1 0 0 . 1  5 . 4 8 5 . 4 7 9 0  1 0 8  0 . 9 4 0  0 . 5 0 3 . 5 0 0 . 0 6 1 2 . 8 3 0 . 0 0 9  

B a s ion-n a s o sp in a l e  d' 1 6  1 0 2 . 5  3 . 5 0 3 . 4 1 9 7  1 0 9  0 .  9 2 1  0 . 1 0 
<? 7 9 6 . 4  4 . 0 7 4 . 2 2 9 1  1 0 2 0 . 8 6 0  0 . 1 0 0 . 1 9 0 . 6 6 0 3 . 6 4 0 . 0 0 2  

B a s ion-prosthion d' 1 5  1 1 0 . 1  3 . 9 8 3 . 6 1 1 0 5 1 2 0  0 . 9 0 4  0 . 0 2 
<? 7 1 0 3 . 7  3 . 5 4 3 . 4 1 9 9  1 0 8 0 . 9 2 1  0 . 1 0 0 . 1 0 0 . 7 4 9  3 . 6 3 0 . 0 0 2  

B a s  ion- lambda d' 2 0  1 2 2 . 4  7 . 3 2 5 . 9 8 1 1 1  1 4 2  0 . 9 0 0  0 . 0 5 
<? 8 1 2 0 . 3  5 . 7 2 4 . 7 5 1 1 1  1 2 7  0 . 9 4 1  0 . 5 0 0 . 5 4 0 . 4 6 2 0 . 7 3 0 . 4 7 5  

Bas ion- inion d' 2 0  7 7 . 6  5 . 0 9 6 . 5 5 6 8  9 2  0 . 8 2 2  < 0 . 0 1 
<? 8 7 6 . 3  3 . 0 5 3 . 9 9 7 2  8 1  0 . 9 3 4  0 . 5 0 2 . 1 1 0 . 1 4 6  0 . 6 9 0 . 4 9 2 

Biauriculare d' 2 1  1 2 6 . 2  4 . 2 9  3 . 3 9 1 1 7  1 3 7  0 . 5 0 6  < 0 . 0 1  
<? 9 1 2 3 . 7  3 . 9 0 3 . 1 5 1 1 8  1 2 9  0 . 9 0 5  0 . 1 0 0 . 0 9 0 . 7 5 6  1 . 5 1 0 . 1 4 2 

Bia s t e r i on d' 2 2  1 1 2 . 2  5 . 5 1 4 . 9 1 1 0 3 1 2 9  0 . 8 0 4  < 0 . 0 1  
<? 9 1 0 8 . 7  5 . 8 3 5 . 3 6  9 6  1 1 3 0 . 8 0 4  0 . 0 5 0 . 0 4 0 . 8 5 0  1 .  6 1  0 . 1 1 9  

B i s phen ion d' 2 0  1 0 8 . 0  4 . 6 4 4 . 2 9  1 0 0  1 1 5  0 . 8 1 2  < 0 . 0 1  
<? 8 1 0 0 . 1  3 . 8 3 3 . 8 2 9 5  1 0 8  0 . 7 5 9  0 . 0 2 0 . 3 3 0 . 5 6 2 4 . 2 3 0 . 0 0 0  

Glabe l l a- bregrna d' 2 2  1 1 7 . 7 5 . 1 5 4 . 3 7 1 1 0  1 2 8  0 . 8 3 8  < 0 . 0 1  
<? 9 1 0 9 . 9  4 . 2 5 3 . 8 6 1 02 1 1 5 0 . 9 1 5  0 . 1 0 0 . 3 8 0 . 5 3 6  4 . 0 4 0 . 0 0 0  

Nas ion-bregrna d' 2 2  1 2 0 . 9  5 . 1 4 4 . 2 5 1 1 4  1 3 1  0 . 8 5 6  0 . 0 1 
<? 9 1 1 4 . 4 3 . 9 4 3 . 4 4 1 0 8  1 2 0  0 . 9 0 1  0 . 1 0 o .  7 1  0 . 3 9 8 3 . 3 7 0 . 0 0 2  

Met opion he ight d' 2 2  2 3 . 8  3 . 6 2 1 5 . 2 1  1 6  3 0  0 . 9 6 0  0 . 5 0 
<? 9 2 2 . 9  3 . 2 5 1 4 . 1 9  1 9  2 9  0 . 8 9 6  0 . 1 0 0 . 0 1 0 . 9 0 5  0 . 6 1 0 . 5 4 7  

Nas ion-metopi on d' 2 2  5 3 . 8  4 . 9 5 9 . 2 0 4 3  6 2  - -

<? 9 5 0 . 6  4 . 6 9 9 . 2 6  4 1  5 7  - - 0 . 0 3 0 . 8 6 0  1 .  7 1  0 . 0 9 7  

Maximum supraorb i t a l  d' 2 1  1 1 6 . 3  4 . 5 9  3 . 9 4 1 0 9  1 2 9  0 . 9 5 4  0 . 5 0 
breadth <? 7 1 1 0 . 3  1 .  7 9  1 .  6 2  1 0 8  1 1 3  0 . 9 5 2  0 . 5 0 5 . 2 8 0 . 0 2 2  3 . 3 3 0 . 0 0 3  

Minimum postorbital d' 2 2  9 9 . 4  6 . 0 5 6 . 0 8 8 7  1 1 0  0 . 9 5 3  0 . 1 0 
breadth <? 8 9 6 . 6  7 . 4 1 7 . 6 7 8 9  1 1 2  0 . 9 8 3  0 . 9 5 0 . 4 3 0 . 5 1 0  1 .  0 3  0 . 3 1 0  

Bi zygion d' 7 1 4 3 . 1  4 . 9 4 3 . 4 5 1 3 6  1 5 0  0 . 9 4 8  0 . 5 0 
<? 2 1 3 5 . 5  2 . 1 2 1 .  5 6  1 3 4  1 3 7  

B i z ygomax i l l a re d' 1 5  1 0 1 . 5  4 . 4 3 4 . 3 6  9 4  1 0 9  0 . 9 6 1  0 . 5 0 
<? 7 9 9 . 0  4 . 6 1 4 . 6 5 9 2  1 0 5 0 . 8 7 5  0 . 1 0 0 . 0 1 0 . 9 1 0  1 . 2 3 0 . 2 3 2  

Bi stephan ion d' 2 1  1 0 5 . 1  7 . 5 4 7 . 1 7 8 7  1 1 9  0 . 9 7 6  0 . 5 0 
<? 8 1 0 3 . 3  8 . 5 6 8 . 2 8 9 2  1 1 7  0 . 9 0 2  0 . 1 0 0 . 1 6 0 . 6 8 3 0 . 5 5 0 . 5 8 5  

B i s t e n i on d' 2 2  7 2 . 0  3 . 4 2 4 . 7 5 6 4  7 9  0 . 9 7 0  0 . 5 0 
<? 8 6 9 . 4  2 . 2 0  3 . 1 7 6 7  7 3  0 . 9 1 2  0 . 1 0 1 .  6 7  0 . 1 9 6  1 .  9 7  0 . 0 5 8  � 



Table 4 (continued) (;J 0 

Coefficient 
of Shapiro Proba- P roba- Student ' a P roba-

Variab1e Sex n :i: a variation Min . Max .  Wi lk bilit.y x2 bility t bility 

I n i on-opi sthion 0 2 2  4 4 . 2  4 . 7 8 1 0 . 8 1 35 5 5  0 . 9 2 0  0 . 1 0 
'? 8 4 2 . 9  4 . 7 0 1 0 . 9 5 3 5  4 9  0 . 9 6 8  0 . 5 0 0 . 0 1 0 . 9 5 6  0 . 6 6 0 . 5 1 2  

Lambda- opi sthion 0 2 2  1 0 2 . 2  6 . 5 4 6 . 3 9 9 3  1 2 0  0 . 8 5 7  0 . 0 1 
'? 8 1 0 2 . 0  3 . 6 2 3 . 5 4 9 7  1 0 9  0 .  9 7 2  0 . 5 0 2 . 7 9 0 . 0 9 4  0 . 0 9 0 . 9 2 7  

O c c i p i t a l  subt e n s e  0 2 1  2 9 . 1  3 . 5 4 1 2 . 1 6  2 0  3 8  - -

h e i ght '? 5 2 5 . 0  6 . 8 1 2 7 . 2 4 1 3  2 9  - - 3 . 4 1 0 . 0 6 5 1 .  9 5  0 . 0 6 3 
Lambda- oc cipit a l  0 2 1  5 4 . 4  5 . 3 2 9 . 7 7 4 6  6 1  

s ubt e n s e  '? 2 5 2 . 5  5 . 5 0 1 0 . 4 7 4 6  5 0  - - 0 . 0 1 0 . 9 4 1  0 . 6 6 0 . 5 1 5  
Asterion- op i s th i on 0 2 2  6 6 . 5  2 .  7 2  4 . 0 9 6 2  7 1  0 . 9 6 8  0 . 5 0 

'? 8 6 6 . 3  2 . 3 1 3 . 4 8 6 3  6 9  - - 0 . 2 5 0 . 6 1 9  0 . 2 3 0 . 8 1 9  
B a s ion- a s t e r i on 0 2 0  8 0 . 6  5 . 0 7 6 . 2 9 65  87  0 . 8 6 8  0 . 0 1 

'? 8 7 8 . 0  5 . 9 5 7 . 6 2 65 8 4  0 . 8 3 9  0 . 1 0 0 . 2 6  0 . 6 0 9  1 . 2 8  0 . 2 1 2  
Bas ion-rna st oi da l e  0 2 0  5 4 . 2  1 .  9 1  3 . 5 2 5 1  5 7  0 . 9 1 6  0 . 1 0 

'? 8 5 4 . 0  2 . 6 1 4 . 8 3 4 9  5 8  0 . 9 6 5  0 . 5 0 1 .  0 3  0 . 3 1 0  0 . 2 8 0 . 7 8 1  
B a s ion- st aphy l i on rJ' 1 1  5 0 . 3  3 . 7 4 7 . 4 3 4 6  5 7  0 . 9 1 5  0 . 1 0 

'? 6 4 7 . 7  3 . 2 6 6 . 8 3 4 4  5 3  0 . 9 8 2  0 . 5 0 0 . 1 1 0 . 7 3 9  1 .  4 3  0 . 1 7 3  
Bregrna- lambda rJ' 2 2  1 1 9 . 2  6 . 1 2 5 . 1 3 1 0 7 1 2 9  0 . 8 9 5  0 . 0 5 

'? 9 1 1 3 . 9 7 . 2 0 6 . 3 2 1 0 0 1 2 1  0 . 8 2 6  0 . 05 0 . 3 0 0 . 5 8 2  2 . 0 9 0 . 0 4 5  
P a r i e t a l  subt en se rJ' 2 2  2 4 . 3  3 . 2 3 1 3 . 2 9  1 8  2 9  - -

h e i ght '? 9 2 2 . 9  3 . 4 4 1 5 . 0 2 1 6  2 8  - - 0 . 0 4 0 . 8 2 5  1 .  0 6  0 . 2 9 6 
Lambda- pa r i et a:l rJ' 2 2  6 1 . 5  5 . 0 0 8 . 1 3 55  72  

s ubten s e  '? 9 5 7 . 8  4 . 8 4 8 . 3 7 5 0  6 6  - - 0 . 0 1 0 . 9 1 4  1 .  8 9  0 . 0 6 8 
Lambda- in i o n  0 2 2  6 9 . 6  8 . 5 8 1 2 . 3 2 5 9  9 1  0 . 8 5 3  0 . 0 1 

'? 9 6 7 . 1  8 . 1 9 1 2 . 2 0  55  81  0 . 9 5 5  0 . 5 0 0 . 0 2 0 . 8 7 8  0 . 5 2 0 . 6 0 6  
Lambda- a s t e r i on 0 2 2  8 7 . 9  6 . 7 0 7 . 6 2 7 7  1 0 6  0 . 9 4 9  0 . 1 0 

'? 9 8 1 . 2  7 . 7 8 9 . 5 8 6 2  9 0  0 . 8 5 0  0 . 1 0 0 . 2 5 0 . 6 1 6  2 . 3 9  0 . 0 2 3  
Na s ion-n a s o spinale rJ' 1 7  5 4 . 4  3 . 0 6 5 . 6 2 5 0  5 9  0 . 8 9 4  0 . 0 5 

'? 8 5 0 . 0  3 . 5 0 7 . 0 0 4 5  5 4  0 . 8 5 7  0 . 1 0 0 . 1 7 0 . 6 7 5  3 . 1 7 0 . 0 0 4  
Nas ion-pro s thion rJ' 1 6  7 5 . 0  3 . 3 8 4 . 5 0 7 0  8 2  0 . 8 7 5  0 . 0 5 

'? 8 6 8 . 6  3 . 9 2 5 .  7 1  63 7 6  0 . 8 9 2  0 . 1 0 0 . 2 0 0 . 6 5 1  4 . 1 3 0 . 0 0 0  
N a s o spina l e -pro sthion rJ' 1 7  2 0 . 5  3 . 6 4 1 7 . 7 5 1 3  2 7  0 . 9 1 7  0 . 1 0 

'? 9 1 8 . 6  1 .  7 4  9 . 3 5 1 6  2 1  0 . 8 8 9  0 . 1 0 4 . 4 6 0 . 0 3 5  1 .  4 8  0 . 1 5 2  
N a s a l  breadth 0 2 0  2 9 . 5  1 .  4 6  4 . 9 4 2 7  3 2  0 . 9 5 5  0 . 5 0 

'? 9 2 8 . 0  2 . 1 8 7 . 7 8 2 5  3 2  0 . 9 0 7  0 . 1 0 1 .  8 2  0 . 1 7 7  2 . 1 8 0 . 0 3 8  
Orbital h e i ght 0 1 8  3 1 . 7 2 . 5 7 8 . 1 0 2 6  3 6  0 . 9 5 4  0 . 5 0 

'? 8 3 2 . 8  1 .  6 7  5 . 0 9 3 0  3 5  0 . 7 7 9  0 . 0 5 1 . 5 2 0 . 2 1 8  1 .  0 8  0 . 2 8 7  
Orb i t a l  bre adth 0 1 9  4 3 . 7  1 .  9 9  4 . 5 5 4 2  4 8  0 . 8 0 1  < 0 . 0 1  

'? 7 4 3 . 7  1 .  2 5  2 . 8 6 4 2  4 6  0 .  7 7 1  0 . 0 5 1 . 5 4 0 . 2 1 3  0 . 0 3 0 . 9 7 8  
B i e ct oconch ion rJ' 1 7  1 0 8 . 4  3 . 3 5 3 . 0 9 1 0 3 1 1 4  0 . 9 2 4  0 . 1 0 

'? 7 1 0 4 . 1  3 . 3 4 2 . 2 4 1 0 1 1 0 7 0 . 9 0 2  0 . 1 0 0 . 9 4 0 . 3 3 1  3 . 0 6 0 . 0 0 6  
Alveo l a r  l e ngth rJ' 1 8  6 4 . 7  2 . 5 8 3 . 9 8 6 1  6 9  0 . 9 4 3  0 . 1 0 

'? 9 6 0 . 4  3 . 8 4 6 . 3 5 5 7  7 0  0 . 7 6 1  0 . 0 2 1 .  7 6  0 . 1 8 5 3 . 4 4 0 . 0 0 2  
Alveo l a r  b r eadth rJ' 1 7  7 2 . 7  3 . 6 9 5 . 0 7 6 7  8 3  0 . 9 0 0  0 . 1 0 

'? 8 6 7 . 8  2 . 8 1 4 . 1 4 65  72  0 . 8 0 9  0 . 0 5 0 . 5 4 0 . 4 6 2 3 . 4 1 0 . 0 0 2  



Table 4 (continued) 

Coefficient 
of 

Variable Sex n x s variation 

Bi canine breadt h  d" 1 7  4 8 . 1  2 . 9 5 6 . 1 3 
� 9 4 7 . 2  2 . 2 7  4 . 8 0 

Ma stoid depth d" 2 2  3 1 . 2  2 . 5 0 8 . 0 1 
� 8 2 7 . 9  2 . 1 0 7 . 5 2 

F ront al a r c  d" 2 1  1 3 3 . 9  6 . 7 0 5 . 0 0 

� 9 1 2 7 . 8  5 . 0 9 3 . 9 8 
P a r i e t a l  a r c  r:J' 2 1  1 3 3 . 3  8 . 4 2 6 . 3 1 

� 9 1 2 6 . 7  8 . 6 6 6 . 8 3 
Occipital a rc r:J' 2 1  1 2 1 . 7 1 .  9 8  1 .  6 2  

� 8 1 2 1 . 3  4 . 5 6  3 . 7 5 

F ront al curvatu re d" 2 2  1 9 . 7  3 . 1 9  1 6 . 1 9  
index � 9 2 0 . 0  3 . 2 8  1 6 . 7 9 

P a r i e t a l  cu rvat ure d" 2 2  2 0 . 3  1 .  9 5  9 . 6 0 
index � 9 2 0 . 1  2 . 4 6 9 . 5 1 

Occipit a l  c urvature d" 2 1  2 8 . 5  3 . 5 0 1 2 . 2 8 
index � 5 2 4 . 5  6 . 4 2 2 6 . 2 0 

Gnathi c  i ndex d" 1 5  1 0 5 . 0  3 . 3 6 3 . 2 0 
� 7 1 0 4 . 9  3 . 2 8 3 . 1 2 

N a s a l  index d" 1 7  5 4 . 6  4 . 0 8 7 . 4 7 
� 8 5 5 . 1  3 . 7 8 6 . 8 6 

Orbital i n dex d" 1 7  7 1 . 8  5 . 9 6 8 . 3 0 
� 7 7 5 . 1  2 .  7 1  3 . 6 0 

P a l at e  mo du l e  d" 1 7  4 7 . 0  3 . 4 7 7 . 3 8 
� 8 4 1 . 1  3 . 1 8 7 . 7 3 

Crani a l  modu l e  d" 2 0  1 5 7 . 8  4 . 7 7 3 . 0 2 
� 9 1 5 2 . 2  4 . 7 8 3 . 1 4 

Shapiro 
Min . Max .  Wi lk 

4 2  5 3  0 . 9 4 1  
4 4  5 1  0 . 9 6 0  
2 7  3 6  0 . 9 6 0  
2 5  3 1  0 . 9 5 4  

1 1 2  1 4 3 0 . 9 5 6 

1 2 1  1 3 5 0 .  9 1 9  
1 1 7  1 4 8  0 . 8 6 6  
1 0 8 1 3 5 0 . 9 2 4  
1 0 9  1 4 3  0 . 8 8 9  
1 1 5 1 2 9  0 . 9 5 0  

1 2  2 4  
1 6  2 5  -

1 7  2 3  
1 6  2 4  -

2 0  3 5  
1 3  2 9  -

9 8  1 1 1  
1 0 0 1 1 0  -

4 7  6 1  
5 0  6 3  -

6 0  8 6  
7 1  7 9  -

4 2  5 5  
3 7  5 0  -

1 4 8  1 6 8 
1 4 5 1 5 8  -

P roba-
bil ity x2 

0 . 1 0 
0 . 5 0 0 . 6 4 

0 . 5 0 
0 . 5 0 0 . 2 8 

0 . 5 0 

0 . 1 0 0 . 7 5 

0 . 0 1 
0 . 1 0 0 . 0 1 

0 . 0 2 
0 . 5 0 3 . 6 3 

- 0 . 0 1 

- 0 . 6 4 

- 2 . 8 6 

- 0 . 0 1 

- 0 . 0 5 

- 3 . 8 6 

- 0 . 0 7 

- 0 . 0 0 

Proba-
bility 

0 . 4 2 3  

0 . 5 9 3 

0 . 3 8 5 

0 . 9 2 8  

0 . 0 5 7  

0 . 9 3 1  

0 . 4 2 4  

0 . 0 9 0  

0 . 9 4 6  

0 . 8 1 9  

0 . 0 4 9  

0 . 7 9 6  

0 . 9 9 7 

Student ' s  
t 

0 . 7 9 

3 . 3 2 

2 . 4 2 

1 .  9 5  

0 . 0 8 

0 . 2 2 

0 . 2 8 

1 .  9 2  

0 . 0 8 

0 . 3 1 

1 .  4 0  

4 . 0 7 

2 . 9 1 

P roba-
bility 

0 . 4 3 7  

0 . 0 0 2 

0 . 0 2 2  

0 . 0 6 1 

0 . 9 3 2  

0 . 8 2 8  

0 . 7 8 2  

0 . 0 6 6  

0 . 9 3 5  

0 . 7 5 9  

0 . 1 7 3 

0 . 0 0 0  

0 . 0 0 7  

(;l ..... 



Table 5 Descriptive and comparative statistics for the Murray Valley male and female cranial dimensions (mm) VJ 
N 

Coefficient 
of Shapiro P roba- P roba- Student ' a Proba-

Variable Sex n jt • variation Min . Max .  Wi lk bility x2 bility t bil ity 

Maximum b iparietal 0 4 6  1 3 0 . 5  4 . 5 2 3 . 4 6 1 2 2  1 4 3  0 . 9 7 8  0 . 5 0 
breadth � 5 1  1 2 7 . 3  4 . 7 2 3 . 7 0 1 1 5  1 3 9  0 . 9 7 3  0 . 5 0 0 . 0 9 0 . 7 7 0  3 . 4 5 0 . 0 0 1  

Glabe l l a- 0 4 7  1 8 9 . 1  5 . 7 6  3 . 0 4 1 7 8  2 0 1  0 . 9 6 2  0 . 1 0 
opi stho c ran i on � 5 2  1 7 9 . 9  5 . 0 2 2 . 8 0 1 6 9 1 9 2 0 . 9 7 9  0 . 5 0 0 . 8 9 0 . 3 4 4  8 . 5 5 0 . 0 0 0  

Glabe l l a- lambda 0 4 7  1 8 4 . 3  5 . 7 6  3 . 1 2 1 7 0  1 9 8 0 . 9 9 2  0 . 9 9 
� 5 3  1 7 4 . 5  4 . 8 3 2 . 8 0 1 6 3 1 8 8  0 . 9 7 9  0 . 5 0 1 .  4 8  0 . 2 2 3  9 . 2 6  0 . 0 0 0  

Bas i o n-b r egma 0 4 5  1 3 3 . 5  4 . 0 5 3 . 0 3 1 2 6  1 4 3  0 . 9 7 2  0 . 1 0 
� 5 0  1 2 6 . 3  4 . 3 8 3 . 4 7 1 1 8  1 3 7  0 . 9 6 6  0 . 1 0 0 . 2 8  0 . 5 9 2 8 . 2 3 0 . 0 0 0  

Bas i o n- na s i on 0 4 5  1 0 2 . 5  3 . 2 9  3 . 2 1 9 5  1 0 8  0 . 9 5 6  0 . 1 0 
� 5 0  9 6 . 3  3 . 9 3 4 . 0 8 8 3  1 0 4  0 . 9 5 1  0 . 0 5 1 .  4 3  0 . 2 3 1  8 . 3 3 0 . 0 0 0  

B a s i o n- na s o spinale 0 4 5  9 9 . 0  3 . 8 9 3 . 9 2 9 0  1 0 7 0 . 9 6 3  0 . 1 0 
� 5 0  9 3 . 6  5 . 1 6  5 . 5 1 7 3  1 0 3  0 . 9 3 0  0 . 0 1 3 . 6 0 0 . 0 5 8  5 .  7 1  0 . 0 0 0  

Ba s ion-p r o s th i on 0 4 5  1 0 6 . 5  4 . 3 8 4 . 1 1 9 5  1 1 6  0 . 9 6 2  0 . 1 0 
� 5 0  1 0 0 . 2  5 . 6 7 5 . 6 6 8 3  1 1 0  0 .  9 4 6  0 . 0 2 2 . 9 9 0 . 0 8 3 6 . 0 4 0 . 0 0 0  

B a s i o n- l a mbda 0 4 5  1 1 4 . 2  2 . 8 3 2 . 4 8 1 0 8 1 1 9  0 . 9 5 0  0 . 0 5 
� 5 0  1 0 8 . 8  4 . 4 1 4 . 0 5 9 1  1 1 8  0 .  9 2 6 0 . 0 1 8 . 5 3 0 . 0 0 3  7 . 0 7 0 . 0 0 0  

B a s  i o n- i n  ion 0 4 3  8 1 . 5 4 . 9 3 6 . 0 5 6 9  9 1  0 . 9 6 9  0 . 1 0 
� 5 0  7 3 . 9  7 . 8 1 1 0 . 5 7 4 0  9 0  0 . 8 6 4  < 0 . 0 1  8 . 9 4 0 . 0 0 3  5 . 4 9  0 . 0 0 0  

B i au r i c u l are 0 4 7  1 2 1 . 3  4 . 2 3 3 . 4 9 1 1 2  1 3 1  0 . 9 6 7  0 . 1 0 
� 5 2  1 1 5 . 5  4 . 8 9 4 . 2 4  1 0 4  1 2 6  0 . 9 8 4  0 . 5 0 0 . 9 9 0 . 3 1 9  6 . 2 3 0 . 0 0 0  

B i a s t e r i o n  0 4 4  1 1 1 . 5  3 . 8 4 3 . 4 5 1 0 5 1 2 0  0 . 9 6 1  0 . 1 0 
� 5 2  1 0 5 . 3  3 . 9 4 3 . 7 4 9 8  1 1 2 0 . 9 4 2  0 . 0 2 0 . 0 4 0 . 8 4 7  7 .  7 1  0 . 0 0 0  

B i s phen i o n  0 4 5  1 0 3 . 6  3 . 7 7 3 . 6 4 9 6  1 1 1  0 . 9 5 7  0 . 1 0 
� 5 2  1 0 0 . 2  4 . 4 4 4 . 4 3 9 2  1 1 0  0 . 9 7 2  0 . 1 0 1 . 1 2 0 . 2 9 0 4 . 1 1 0 . 0 0 0  

Glabe l l a- bregma 0 4 7  1 0 9 . 9  4 . 3 8 3 . 9 9 9 9  1 1 7  0 . 9 6 3  0 . 1 0 
� 5 3  1 0 2 . 9  3 . 9 9 3 . 8 8 9 5  1 1 7  0 . 9 6 1  0 . 1 0 0 . 4 1 0 . 5 2 1  8 . 3 2 0 . 0 0 0  

Na s io n- b regma 0 4 7  1 1 3 . 5  4 . 2 8 3 . 7 7 1 0 2 1 2 0  0 . 9 5 8  0 . 1 0 
� 5 3  1 0 7 . 5  3 . 5 9 3 . 3 4 1 0 0  1 2 0  0 . 9 5 4  0 . 0 5 1 .  4 9  0 . 2 2 3  7 . 5 4 0 . 0 0 0  

Metopion height 0 4 7  2 5 . 6  2 . 2 0 8 . 6 1 2 1  3 0  0 . 9 4 8  0 . 0 5 
� 5 2  2 5 . 2  2 . 1 8 8 . 6 9 2 1  3 0  0 . 9 5 1  0 . 0 5 0 . 0 1 0 . 9 4 5  1 .  0 6  0 . 2 9 3 

N a s i o n- metopion 0 4 7  5 1 . 0 3 . 3 5 6 . 5 6 4 3  5 7  0 . 9 6 4  0 . 1 0 
� 5 2  4 7 . 9  3 . 2 2 6 .  7 2  4 1  5 6  0 . 9 8 0  0 . 5 0 1 .  0 8  0 . 7 8 8 4 . 6 6 0 . 0 0 0  

Maximum s upraorbital 0 4 7  1 0 8 . 5  3 . 4 8 3 . 2 0 1 0 1  1 1 6  0 . 9 5 7  0 . 1 0 
breadth � 5 3  1 0 5 . 2  4 . 1 2 3 . 9 2 9 4  1 1 5  0 . 9 8 3  0 . 5 0 1 .  3 8  0 . 2 3 9  4 . 2 9  0 . 0 0 0  

Minimum p o s t o rbital 0 4 7  9 5 . 5  4 . 6 1 4 . 8 2 8 5  1 0 7  0 . 9 6 8  0 . 1 0 
breadt h  � 5 3  9 2 . 2  3 . 8 9 4 . 2 2 8 5  1 0 3 0 . 9 6 9  0 . 1 0 1 . 3 7 0 . 2 4 1  3 . 9 1 0 . 0 0 0  

Bi zygion 0 4 4  1 3 5 . 6  5 . 0 1 3 . 6 9 1 2 4  1 4 6  0 . 9 8 1  0 . 5 0 
� 5 0  1 2 6 . 5  4 . 5 3 3 . 5 8 1 1 8  1 3 8  0 . 9 6 4  0 . 1 0 0 . 4 5 0 . 5 0 0  9 . 1 9  0 . 0 0 0  

B i z ygomax i l l a re 0 4 7  9 4 . 5  4 . 1 8 4 . 4 2 8 6  1 0 8  0 . 9 6 9  0 . 1 0 
� 5 3  9 0 . 5  4 . 2 3 4 . 6 8 8 1  9 9  0 . 9 7 5  0 . 5 0 0 . 0 1 0 . 9 2 6  4 . 6 9 0 . 0 0 0  

B i s tephan ion 0 4 7  9 2 . 1  7 . 6 3 8 . 2 8 7 3  1 0 5 0 . 9 6 8  0 . 1 0 
� 5 0  9 4 . 2  7 . 1 3 7 . 5 6  7 5  1 1 5  0 .  9 7 2  0 . 1 0 0 . 2 2 0 . 6 4 3  1 .  4 1  0 . 1 6 2 

B i s t e n i o n  0 4 7  7 1 . 9 3 . 7 9 5 . 2 9 62  7 9  0 . 9 3 0  0 . 0 1 
� 4 9  6 7 . 4  3 . 0 5 4 . 5 3 6 1  7 4  0 . 9 6 4  0 . 1 0 2 . 1 3 0 . 1 4 4  6 . 2 5 0 . 0 0 0  



Table 5 (continued) Coefficient 
of Shapiro P roba- P roba- Student ' s  P roba-

Variable Sex n x s variat ion Min . Max .  Wi lk bil ity x2 bility t bility 

I n i on- opi sthion 0 4 5  4 7 . 6  4 . 9 8 1 0 . 4 6  3 7  5 9  0 . 9 7 5  0 . 5 0 � 4 9  4 3 . 7  5 . 4 0 1 2 . 3 5 3 1  5 5  0 . 9 7 9  0 . 5 0 0 . 2 9 0 . 5 8 8  3 . 6 1 0 . 0 0 0  
Lambda- opi sthion 0 4 6  9 4 . 5  3 . 4 8 3 . 6 9 8 8  1 0 9  0 . 9 0 1  < 0 . 0 1  � 4 9  9 1 . 4 3 . 8 1 4 . 1 4 8 5  1 0 2 0 . 9 5 7  0 . 1 0 0 . 3 8 0 . 5 3 9  4 . 1 4 0 . 0 0 0  
O c c i p i t a l  subten s e  0 

h e i ght � 
Lambda- oc cipit a l  0 

s ubten s e  � 
A s t erion- opi sthion 0 4 6  6 5 . 9  3 . 0 5 4 . 6 4 6 1  7 8  0 . 9 1 3  < 0 . 0 1  � 4 9  6 2 . 7  3 . 5 3 5 . 6 3 5 3  7 4  0 . 9 5 9  0 . 1 0 0 . 9 5 0 . 3 3 0  4 . 7 4 0 . 0 0 0  
Ba s ion- a s t e ri on 0 4 5  7 7  . 8  3 . 7 8 4 . 8 6 6 1  8 4  0 . 8 5 9  < 0 . 0 1  � 5 0  7 3 . 7  3 . 1 0 4 . 2 1 6 5  8 2  0 . 9 7 6  0 . 5 0 1 .  7 8  0 . 1 8 2 5 . 7 9  0 . 0 0 0  
B a s ion- ma s t o i da l e  0 4 4  5 2 . 3  2 . 8 3 5 . 4 0 4 5  5 8  0 . 9 5 3  0 . 1 0 � 5 0  4 9 . 4  2 . 8 7 5 . 8 0 4 3  5 6  0 . 9 5 9 0 . 1 0 0 . 0 1 0 . 9 2 0  4 . 9 6 0 . 0 0 0  
B a s ion- st aphy l i on 0 4 4  4 7 . 7  2 . 4 9 5 . 2 2 4 2  5 4  0 . 9 7 9  0 . 5 0 � 4 8  4 5 . 1  2 . 9 8 6 . 6 0 3 7  5 2  0 . 9 8 5  0 . 9 0 1 .  4 2  0 . 2 3 2 4 . 4 8 0 . 0 0 0  
B regma- lambda 0 4 6  1 1 7  . 3  5 . 0 4 4 . 3 0  1 0 7  1 3 4  0 . 9 6 9  0 . 1 0 � 5 3  1 1 2 . 3  4 . 7 9  4 . 2 7  9 6  1 2 3  0 . 9 5 1  0 . 0 5 0 . 0 9 0 . 7 5 6  5 . 3 1 0 . 0 0 0  
P ar i e t a l  subt en s e  0 4 4  2 3 . 2  2 . 0 5 8 . 8 3 1 9  2 8  0 . 9 3 6  0 . 0 2 

h e i ght � 5 2  2 3 . 0  2 . 0 5 8 . 9 2 1 6  2 7  0 . 9 2 5  < 0 . 0 1  0 . 0 1 0 . 9 8 1  0 . 5 4 0 . 5 9 1  
Lambda- pa rietal 0 4 4  5 9 . 5  4 . 6 3 7 . 7 8 5 0  6 9  0 .  9 7 1  0 . 1 0 

subt e n s e  � 5 2  5 5 . 6  4 . 4 4 7 . 9 9 4 6  6 6  0 . 9 6 2  0 . 1 0 0 . 0 7 0 . 7 9 4 4 . 1 8 0 . 0 0 0  
Lambda- inion 0 4 7  6 1 . 1  5 . 2 5 3 . 5 9  4 7  7 3  0 . 9 7 9  0 . 5 0 � 5 2  5 9 . 6  5 . 7 7 9 . 6 8 4 7  7 7  0 . 9 6 3  0 . 1 0 0 . 4 3 0 . 5 1 2  1 . 3 7 0 . 1 7 2  
Lambda- a s t e ri on 0 4 7  8 2 . 3  3 . 5 7 4 . 3 4 7 4  9 2  0 . 9 7 5  0 . 5 0 � 5 2  7 9 . 4  3 . 6 0 4 . 5 4 6 9  8 7  0 . 9 8 1  0 . 5 0 0 . 0 1 0 . 9 5 8  4 . 0 3 0 . 0 0 0  
N a s ion- n a s o spin a l e  0 4 7  4 9 . 9  2 . 6 6 5 . 3 3 4 4  5 5  0 . 9 6 8  0 . 1 0 � 5 3  4 7 . 3  2 . 5 4 5 . 3 7 4 2  5 3  0 . 9 5 2  0 . 0 5 0 . 0 9 0 . 7 5 4  4 . 9 2 0 . 0 0 0  
N a s ion- prosthion 0 4 7  7 0 . 5  3 . 9 1 5 . 5 4 6 2  7 8  0 . 9 6 4  0 . 1 0 � 5 3  6 5 . 6  3 . 7 2 5 . 6 8 5 7  7 4  0 . 9 8 0  0 . 5 0 0 . 1 2 0 . 7 3 2  6 . 5 1 0 . 0 0 0  
N a s o spinale-pro s t h i on 0 4 7  2 0 . 7  2 . 8 5 1 3 . 7 7 1 5  2 7  0 . 9 6 8  0 . 1 0 � 5 3  1 8 . 2  2 . 8 6 1 5 . 7 4 1 1  2 5  0 . 9 4 9 0 . 0 5 0 . 0 1 0 . 9 7 3  4 . 3 6  0 . 0 0 0  
N a s a l  bre adth 0 4 7  2 8 . 3  2 . 0 7 7 . 3 3 2 4  3 4  0 . 9 5 0  0 . 0 5 � 5 3  2 6 . 4  1 .  9 2  6 . 5 5 2 3  3 3  0 . 9 3 7  0 . 0 1 0 . 2 8 0 . 5 9 1  4 . 8 6 0 . 0 0 0  
Orb i t a l  height 0 4 7  3 2 . 9  2 . 5 0  7 . 6 1 2 3  3 9  0 . 9 1 5  < 0 . 0 1 � 5 3  3 2 . 0  2 . 0 8 6 . 5 0 2 7  3 7  0 . 9 1 7  < 0 . 0 1 1 .  7 2  0 . 1 9 0 1 .  9 6  0 . 0 5 3  
O rb i t a l  breadth 0 4 7  4 4 . 5  1 .  9 7  4 . 4 4 4 0  4 8  0 . 9 5 5  0 . 1 0 � 5 3  4 2 . 3  1 .  6 7  3 . 9 5 3 8  4 7  0 . 9 6 2  0 . 1 0 1 . 3 4 0 . 2 4 7  6 . 1 2 0 . 0 0 0  
B i e ct ocon chion 0 4 6  1 0 4  . 3  3 . 4 8 3 . 3 3 9 7  1 1 1  0 . 9 6 3  0 . 1 0 � 5 3  9 9 . 4  3 .  7 3  3 . 7 6 9 0  1 0 8  0 . 9 7 4  0 . 5 0 0 . 2 3 0 . 6 2 8  6 . 7 4 0 . 0 0 0  
Alveo l a r  length 0 4 7  6 4 . 1  3 . 9 8 6 . 2 0  5 6  7 3  0 .  9 7 0  0 . 1 0 � 5 3  5 9 . 1  3 . 2 4  5 . 4 7 5 3  6 7  0 .  9 7 0  0 . 1 0 2 . 0 1 0 . 1 5 6  6 . 6 5 0 . 0 0 0  
Alveo l a r  breadt h  0 4 7  6 9 . 3  3 . 5 5 5 . 1 2 6 1  7 7  0 . 9 8 2  0 . 5 0 � 5 3  6 4 . 0  2 . 7 9  4 . 3 6  5 7  7 0  0 . 9 7 0  0 . 1 0 2 . 7 8 0 . 0 9 5 8 . 2 5 0 . 0 0 0  
Bi canine breadt h  0 4 7  4 6 . 5  2 . 3 3 5 . 0 1 4 1  5 1  0 . 9 6 4  0 . 1 0 � 5 3  4 3 . 7  2 . 3 9 5 . 4 7 3 9  4 9  0 . 9 6 6  0 . 1 0 0 . 0 3 0 . 8 5 3  5 . 8 2 0 . 0 0 0  

w Ma s t o i d  depth a 4 7  3 1 . 2 2 . 3 5 7 . 5 5 2 6  3 6  0 . 9 5 4  0 . 1 0 w 
� 5 3  2 7 . 1  2 . 0 8 7 . 6 9 2 3  3 3  0 . 9 4 4  0 . 0 2 0 . 7 2 0 . 3 9 7  9 . 1 4 0 . 0 0 0  



Table 5 (continued) 
(;) ""' 

Coefficient 
of Shapi ro P roba- P roba- Student ' a Proba-

Variable Sex n x a variat ion Min . Max .  Wilk bility x2 bility t bility 

F ront al a rc r:f' 4 5  1 2 9 . 4  6 . 3 4 4 . 8 9 1 1 3  1 4 0  0 . 9 6 0  0 . 1 0 

'i'. 5 1  1 2 3 . 7  4 . 7 7 3 . 8 6 1 1 4  1 4 0  0 . 9 6 9  0 . 1 0 3 .  7 1  0 . 0 5 4  4 . 9 7 0 . 0 0 0  

Parietal a r c  r:f' 4 3  1 3 0 . 3  6 . 1 6 4 .  7 2  1 1 9  1 4 9  0 . 9 6 2  0 . 1 0 

'i'. 5 1  1 2 4 . 6  5 . 7 7 4 . 6 3 1 0 6  1 3 7  0 . 9 5 8  0 . 1 0 0 . 1 8 0 . 6 6 6  4 . 6 4 0 . 0 0 0  

O c c ipit a l  a rc r:f' 4 3  1 1 3 . 6 4 . 9 5 4 . 3 6 1 0 5 1 2 3  0 . 9 5 1  0 . 1 0 

'i'. 4 9  1 0 9 . 8  5 . 7 6 5 . 2 5 1 0 0 1 2 9  0 .  9 2 8  < 0 . 0 1  1 .  0 2  0 . 3 1 2  3 . 3 9 0 . 0 0 1  

F ront al curvatu re r:f' 4 7  2 2 . 6  1 . 5 6  6 . 9 0 2 0  2 6  
index 'i'. 5 2  2 3 . 4  1 .  8 4  7 . 8 6 2 0  2 8  - - 1 . 2 6  0 . 2 6 0 2 . 3 5  0 . 0 2 0  

P a riet a l  cu rvat ure 0 4 4  1 9 . 8  1 . 1 4 5 . 7 5 1 7  2 3  
index 'i'. 5 2  2 0 . 5  1 .  5 2  7 . 4 1 1 7  2 4  - - 3 . 6 5 0 . 0 5 6  2 . 5 2 0 . 0 1 3  

O c c ipit a l  curvature 0 
index 'i'. 

Gnathi c  index 0 4 5  1 0 3 . 9  3 . 5 3 3 . 3 9 9 7  1 1 1  
'i'. 4 9  1 0 4 . 4  3 . 0 9 2 . 9 5 9 7  1 1 4  - - 0 . 7 8 0 . 3 7 7  0 . 7 2 0 . 4 6 9 

N a s a l  index 0 4 7  5 6 . 5  5 . 6 9 1 0 . 0 7 3 8  7 0  
'i'. 5 3  5 5 . 8  4 . 4 8 8 . 0 2 4 7  6 7  - - 2 . 7 8 0 . 0 9 5 0 . 6 8 0 . 4 9 8 

O rbital i ndex 0 4 7  7 4 . 0  5 . 7 6 7 . 7 8 5 4  8 6  
'i'. 5 3  7 5 . 8  5 . 0 2 6 . 6 2 6 3  9 0  - - 0 . 9 1 0 . 3 4 0  1 .  6 3  0 . 1 0 5 

P a l ate modu le 0 4 7  4 4 . 6  4 . 3 2 9 . 6 8 3 5  5 3  
'i'. 5 3  3 8 . 1  3 . 2 6 8 . 5 6 3 1  4 5  - - 3 . 8 1 0 . 0 5 1  8 . 5 1 0 . 0 0 0  

C rani a l  modu l e  0 4 4  1 5 0 . 9  3 . 1 6 2 . 0 9 1 4 4  1 5 7  
'i'. 4 7  1 4 4 . 4  2 . 8 6 1 .  9 8  1 3 9  1 5 1  - - 0 . 4 4 0 . 5 1 0  1 0 . 3 4  0 . 0 0 0  



Table 6 Descriptive and comparative statistics for the Swanport male and female cranial dimensions (mm) 

Coefficient 
of Shapiro Proba- Proba- Student ' s  P roba-

Variable Sex n j!: • variation Min . Max .  Wi lk bility x2 bility t bility 

Maximum bipa r i e t a l  cf 2 4  1 3 0 . 2  2 . 8 5 2 . 1 8 1 2 6  1 3 5  0 .  9 1 6 0 . 0 5 
breadth � 2 5  1 2 6 . 5  4 . 1 9 3 . 3 1 1 1 6  1 3 5  0 . 9 4 5  0 . 1 0 3 . 2 8  0 . 0 7 0  3 . 5 8 0 . 0 0 1  

Glabe l l a- cf 2 4  1 8 9 . 6  5 . 8 2 3 . 0 6 1 8 0  2 0 2 0 . 9 7 3  0 . 5 0 
opi stho c ran i o n  � 2 3  1 8 1 . 5  6 . 0 6 3 . 3 5 1 6 9  1 9 1 0 . 9 5 9 0 . 1 0 0 . 0 3 5  0 . 8 5 1  4 . 6 9 0 . 0 0 0  

Glabe l l a- lambda cf 2 4  1 8 2 . 7  5 . 7 9 3 . 1 6 1 7 5  1 9 6 0 .  9 2 8 0 . 1 0 
� 2 3  1 7 4 . 0  5 . 6 4 3 . 2 5 1 6 2 1 8 2 0 . 9 4 4  0 . 1 0 0 . 0 1 0 . 9 0 8  5 . 2 2 0 . 0 0 0  

B a s ion- bregma cf 2 3  1 2 9 . 6  4 . 6 0 3 . 5 4 1 2 2  1 3 9  0 .  9 7 1  0 . 5 0 
� 2 5  1 2 4 . 2  4 . 3 4 3 . 5 0 1 1 8  1 3 3 0 . 8 9 2  0 . 0 1 0 . 0 7 0 . 7 9 1 4 . 1 9 0 . 0 0 0  

B a s ion- na s i on cf 2 3  1 0 1 . 3  3 . 4 3 3 . 3 8 9 5  1 0 6  0 . 9 3 0  0 . 1 0 
� 2 5  9 5 . 8  3 . 0 9 3 . 2 2 9 0  1 0 2 0 . 9 7 2  0 . 5 0 0 . 2 4  0 . 6 2 2  5 . 8 1 0 . 0 0 0  

B a s ion-na s o spina l e  cf 2 3  9 9 . 2  3 . 9 6 3 . 9 9 9 0  1 0 4  0 . 8 9 5  0 . 0 2 
� 2 4  9 3 . 2  4 . 1 3 4 . 4 4 8 2  1 0 1  0 .  9 2 9 0 . 05 0 . 0 4 0 . 8 3 8  5 . 0 4 0 . 0 0 0  

B a s ion-pro s t h i o n  cf 2 2  1 0 4 . 6  4 .  7 1  4 . 5 0 9 6  1 1 4  0 .  9 7 0  0 . 5 0 
� 2 4  1 0 0 . 1  3 .  7 1  3 . 7 0 9 5  1 0 7 0 . 9 3 5  0 . 1 0 1 . 2 1  0 . 2 7 1  3 . 5 8 0 . 0 0 1  

Bas ion- lambda cf 1 9  1 1 1 . 3  6 . 4 6 5 . 8 0 9 4  1 2 3  0 . 8 8 9  0 . 0 2 
� 2 3  1 0 8 . 4  5 . 8 6 3 . 7 1 9 0  1 1 8  0 . 9 1 6  0 . 0 5 0 . 1 8 0 . 6 7 0  1 .  4 9  0 . 1 4 4  

B a s ion- inion cf 1 9  7 2 . 4  3 . 5 0 4 . 8 3 6 6  7 9  0 . 9 6 2  0 . 5 0 
� 2 2  7 0 . 1  3 . 6 8 5 . 2 5 6 4  8 0  0 . 9 4 9  0 . 1 0 0 . 0 5 0 . 8 2 8  2 . 0 7 0 . 0 4 5  

Biauriculare cf 1 9  1 2 1 . 0 3 . 8 7 3 . 1 9 1 1 3 1 2 8  0 . 9 4 6  0 . 1 0 
� 2 2  1 1 5 . 3  4 . 5 8 3 . 9 7 1 0 8  1 2 4  0 . 9 4 8  0 . 1 0 0 . 5 3 0 . 4 6 7 4 . 2 2 0 . 0 0 0  

Bia sterion cf 2 0  1 0 0 . 0  3 . 4 1 3 . 1 0 1 0 4  1 1 7  0 . 9 7 9  0 . 9 0 
� 2 3  1 0 5 . 0  3 . 9 4 3 . 7 6 9 9  1 1 2  0 . 9 5 0  0 . 1 0 0 . 4 1 0 . 5 2 2  4 . 3 7 0 . 0 0 0  

B i s phen ion cf 2 3  1 0 1 . 5  3 . 9 3 3 . 8 7 9 6  1 1 0  0 . 9 3 6  0 . 1 0 
� 2 4  9 8 . 4  3 . 7 6 3 . 8 2 9 2  1 0 6  0 . 9 5 3  0 . 1 0 0 . 0 4 0 . 8 4 0  2 . 7 3 0 . 0 0 9  

Glabe l l a-bregma cf 2 4  1 0 9 . 6  3 . 3 6 3 . 0 6 1 0 2 1 1 6  0 . 9 8 2  0 . 9 0 
� 2 3  1 0 2 . 5  4 . 3 0 4 . 1 9  9 5  1 1 1  0 . 9 5 8  0 . 5 0 1 . 3 4 0 . 2 4 7  6 . 2 5 0 . 0 0 0  

Nas ion-bregma cf 2 4  1 1 2 . 5  3 . 0 2 2 . 6 8 1 0 6  1 1 8  0 . 9 7 3  0 . 5 0 
� 2 5  1 0 6 . 5  3 . 7 8 3 . 5 5 1 0 0  1 1 3  0 .  9 7 1  0 . 5 0 1 . 1 6 0 . 2 8 1  6 . 0 5 0 . 0 0 0  

Met opion height cf 2 4  2 5 . 3  2 . 2 3 8 . 8 1 2 0  3 0  0 . 9 6 8  0 . 5 0 
� 2 3  2 5 . 8  2 . 0 1 7 . 8 0 1 9  2 9  0 . 8 1 4  0 . 0 1 0 . 2 4 0 . 6 2 6  0 . 8 6 0 . 3 9 5 

Nas ion-metopion cf 2 3  4 9 . 9  2 . 9 5 5 . 9 2 4 4  5 6  0 . 9 5 8  0 . 1 0 
� 2 3  4 6 . 0  3 . 2 6 7 . 0 7 4 1  5 3  0 . 9 6 1  0 . 1 0 1 . 2 2  0 . 6 4 6  4 . 1 7 0 . 0 0 0  

Maximum supraorb i t a l  cf 2 4  1 1 0 . 3  3 . 1 4 2 . 8 4 1 0 3 1 1 6  0 . 9 5 5  0 . 1 0 
breadth � 2 5  1 0 4 . 7  2 . 8 9 2 . 7 6 1 0 0  1 1 0  0 . 9 4 9  0 . 1 0 0 . 1 5 0 . 6 9 8  6 . 4 2 0 . 0 0 0  

Minimum p o s t o rb i t a l  cf 2 4  9 6 . 6  4 . 5 1 4 . 6 6 8 8  1 0 5 0 . 9 6 2  0 . 5 0 
breadth � 2 5  9 3 . 7  3 . 0 6 3 . 2 6 8 8  1 0 1  0 . 9 7 4  0 . 5 0 3 . 4 1 0 . 0 6 5 2 . 6 4 0 . 0 1 1  

B i z ygion cf 1 9  1 3 6 . 8  2 .  9 4  2 . 1 4 1 3 3 1 4 3  0 . 9 3 4  0 . 1 0 
� 2 3  1 2 7 . 3  5 . 4 0 4 . 2 5 1 1 8  1 3 5  0 . 9 3 2  0 . 1 0 6 . 4 6 0 . 0 1 1  6 . 8 4 0 . 0 0 0  

B i z ygomax i l l a re cf 2 4  9 7 . 2  4 . 1 5 4 . 2 6  8 9  1 0 4  0 . 9 7 7  0 . 5 0 
� 2 5  9 3 . 7  3 . 4 7 3 . 7 0 8 8  1 0 1  0 . 9 6 3  0 . 1 0 0 . 7 2 0 . 3 9 4  3 . 1 6  0 . 0 0 3 

B i s t ephan ion cf 1 8  9 2 . 7  1 0 . 0 4 1 0 . 8 3 7 0  1 0 4  0 . 9 0 0  0 . 0 5 
� 1 9  9 5 . 6  6 . 7 2 7 . 0 3 8 4  1 0 6  0 . 9 4 5  0 . 1 0 2 . 6 8 0 . 1 0 1  1 .  0 4  0 . 3 0 5  

Bi stenion cf 1 6  7 1 . 5  3 . 2 0 4 . 4 8 6 3  7 6  0 . 8 9 8  0 . 0 5 
� 2 2  6 7 . 1  2 . 5 9 3 . 8 7 6 3  7 2  0 . 9 3 9  0 . 1 0 0 . 7 6 0 . 3 8 4  4 . 6 8 0 . 0 0 0  w !JI 



Table 6 (continued) Coefficient � of Shapiro P roba- Proba- Student ' a Proba-
Variab1a Sax n jt; a variat ion Min . Max .  Wi lk bi1ity x2 bi1ity t bility 

I n i on - opi s t h i on a 2 0  3 7 . 9  4 . 3 2 1 1 . 3 9  3 0  4 5  0 . 9 5 7  0 . 5 0 
� 2 3  3 9 . 6  7 . 5 1 1 8 . 9 6 3 1  6 9  0 . 9 3 9  0 . 1 0 5 . 6 5 0 . 0 1 7  0 . 8 6 0 . 3 9 0  

Lambda- opi s t h i on a 2 0  9 2 . 9  3 . 9 6 3 . 9 1 8 7  1 0 1  0 .  9 2 8  0 . 1 0 
� 2 3  8 9 . 7  7 . 1 6 7 . 9 8 6 6  1 0 0 0 . 8 6 8  0 . 0 1 6 . 4 2 0 . 0 1 1 .  7 8  0 . 0 8 3  

Occipital s ubt e n s e  a 2 3  2 8 . 4  3 . 2 9 1 1 . 5 8 2 4  3 4  - -
height � 2 0  2 7 . 5  1 .  9 8  7 . 2 0  2 4  3 1  - - 4 . 8 0 0 . 0 2 8  0 . 9 9 0 . 3 2 6  

Lambda- o c c i p i ta l  a 2 3  4 6 . 6  5 . 5 0 1 1 . 8 0 3 7  5 9  
subten s e  � 2 0  4 1 . 9 4 . 8 7 1 1 . 6 2  3 4  5 2  - - 0 . 2 9  0 . 5 9 3 2 . 9 5 0 . 0 0 5  

Asterion- op i s thion a 2 0  6 2 . 9  3 . 0 8 4 . 8 9 5 7  6 8  0 . 9 6 1  0 . 5 0 
� 2 3  6 2 . 3  5 . 2 3 8 . 3 9 4 6  7 5  0 .  8 7 2  < 0 . 0 1 5 . 2 2 0 . 0 2 2  0 . 3 4 0 . 7 3 3  

Bas ion- a s t e r i on a 1 9  7 5 . 5  3 . 7 6 4 . 9 8 6 9  8 1  0 . 9 2 5  0 . 0 2 
� 2 3  7 3 . 1  2 . 3 6 2 . 2 3 6 9  7 8  0 . 9 5 6  0 . 1 0 4 . 1 2 0 . 0 4 2  2 . 4 6  0 . 0 1 8  

Bas ion- ma s t o i da l e  a 1 9  5 3 . 2  2 . 5 2 4 . 7 3 4 9  5 8  0 . 9 7 5  0 . 5 0 
� 2 3  4 9 . 8  2 . 4 2 4 . 8 6 4 5  5 4  0 . 9 6 5  0 . 5 0 0 . 0 3 0 .  8 6 2 4 . 3 5 0 . 0 0 0  

Bas ion- staphy l i on a 1 8  4 7 . 8  3 . 1 5 6 . 5 8 4 1  5 3  0 . 9 6 7  0 . 5 0 
� 2 3  4 5 . 2  2 . 0 9 4 . 6 2 4 2  5 0  0 . 9 6 1  0 . 1 0 3 . 1 3 0 . 0 7 7  3 . 1 3 0 . 0 0 3  

Bregma- lambda a 2 0  1 1 5 . 3  5 . 7 2 4 . 9 6 1 0 7 1 3 0  0 . 9 6 2  0 . 5 0 
� 2 3  1 1 0 . 7 5 . 9 2 5 . 3 5 9 8  1 1 9  0 . 9 4 7  0 . 1 0 0 . 0 2 0 . 8 7 7  2 . 5 6  0 . 0 1 4  

P a r i e t a l  s u bt e n s e  a 2 0  2 2 . 8  2 . 8 2 1 2 . 3 6 1 7  2 7  - -
height � 2 2  2 2 . 8  2 . 4 6 1 0 . 7 8 1 8  2 2  - - 0 . 3 6  0 . 5 4 9  0 . 0 3 0 . 9 7 8  

Lambda- pa r i e t a l  a 2 0  5 9 . 6  4 . 2 3 7 . 0 9 5 3  6 6  
subt e n s e  � 2 2  5 8 . 0  5 . 0 7 8 . 7 4 4 9  6 7  - - 0 . 6 3 0 . 4 2 6  1 . 1 1 0 . 2 7 5  

Lambda- inion a 1 9  6 7 . 1  5 . 4 8 8 . 1 6  5 8  7 6  0 . 9 6 3  0 . 5 0 
� 2 2  6 3 . 8  5 . 2 4 8 . 2 1 5 4  7 5  0 . 8 9 2  0 . 0 1 0 . 0 4 0 . 8 4 4  1 .  9 6  0 . 0 5 7  

Lambda- a s t e r i on a 2 0  8 3 . 5  3 . 1 8 3 . 8 0 7 7  8 9  0 . 9 7 9  0 . 9 0 
� 2 3  8 0 . 7  4 . 3 9 5 . 4 3 7 3  8 8  0 . 9 6 1  0 . 1 0 1 .  9 7  0 . 1 6 0 2 . 2 5  0 . 0 3 0  

Nas ion- n a s o spinale a 2 4  5 1 . 5  2 . 1 7 4 . 2 1  4 6  5 6  0 . 9 4 6  0 . 1 0 
� 2 4  4 7 . 5  3 . 4 3 7 . 2 3 4 0  5 4  0 . 9 7 0  0 . 5 0 4 . 6 4 0 . 0 3 1  4 . 7 2 0 . 0 0 0  

Nas ion- pro s thion a 2 3  6 7 . 6  2 . 8 4 4 . 2 0  6 2  7 3  0 . 9 5 0  0 . 1 0 
� 2 4  6 3 . 6  4 . 2 9 6 . 7 4 5 6  7 2  0 . 9 4 5  0 . 1 0 3 . 6 2 0 . 0 5 7  3 . 6 9 0 . 0 0 1  

N a s o s p i n a l e -pro sthion a 2 3  1 6 . 0  2 . 3 4 1 4 . 6 2 1 2  2 0  0 . 9 6 2  0 . 5 0 
� 2 4  1 6 . 0  1 .  7 3  1 0 . 7 9  1 3  1 9  0 . 9 5 5  0 . 1 0 2 . 0 1 0 . 1 5 7  0 . 0 1 0 . 9 9 8  

N a s a l  breadth a 2 0  2 6 . 4  1 .  4 9  5 . 6 4 2 4  2 9  0 . 9 4 5  0 . 1 0 
� 2 3  2 5 . 4  1 . 1 9 4 .  7 1  2 3  2 7  0 . 8 9 2  0 . 0 1 0 . 9 7 0 . 3 2 3  2 . 2 3  0 . 0 3 2  

Orbit al h e i ght a 2 4  3 4 . 1  2 . 2 5 6 . 5 9  3 1  4 0  0 . 9 2 5  0 . 0 5 
� 2 5  3 3 . 4  1 .  7 8  5 . 3 2 3 1  3 8  0 . 9 2 8 0 . 0 5 1 . 2 5 0 . 2 6 4 1 . 1 1 0 . 2 7 1  

Orbital breadth a 2 0  4 3 . 8  1 .  2 4  2 . 8 3 4 0  4 6  0 . 8 5 5  < 0 . 0 1  
� 2 3  4 2 . 1  1 . 1 8 2 . 8 0 4 0  4 5  0 . 9 2 8 0 . 1 0 0 . 0 5 0 . 8 2 4  4 . 5 2 0 . 0 0 0  

B i e ct oconchion a 2 2  1 0 3 . 5  3 . 2 4 3 . 1 3 9 5  1 1 0  0 . 9 5 8  0 . 1 0 
� 2 5  9 9 . 9  3 . 3 6 3 . 3 6  9 5  1 1 0  0 . 8 9 8  0 . 0 1 0 . 0 3 0 . 8 7 4  3 . 6 6 0 . 0 0 1  

Alve o l a r  length a 2 4  6 1 . 2  3 . 2 5 5 . 3 1 5 4  6 7  0 . 9 6 5  0 . 5 0 
� 2 5  5 7 . 6  2 . 0 2 3 . 5 0 5 3  6 3  0 .  9 7 1  0 . 5 0 5 . 0 8 0 . 0 2 4  4 . 6 8 0 . 0 0 0  

Alveo l a r  b r e a dth a 2 4  6 6 . 5  2 . 7 7 4 . 1 7 6 1  7 3  0 . 9 6 5  0 . 5 0 
� 2 5  62 . 3  2 . 8 5 4 . 5 8 5 8  6 7  0 . 9 3 2  0 . 1 0 0 . 0 2 0 . 8 8 1  5 . 2 0 0 . 0 0 0  

Bicanine breadth a 1 6  4 5 . 9  1 .  8 1  3 . 9 4 4 3  4 9  o .  9 2 0 0 . 1 0 
� 2 3  4 2 . 9  2 . 0 5 4 . 7 8 4 0  4 9  o .  82 0 < 0 . 0 1 0 . 2 8  0 . 5 9 4  4 . 6 8 0 . 0 0 0  

Ma stoid depth a 2 4  2 8 . 9  2 . 8 3 9 . 7 9 2 4  3 6  0 . 9 0 1  0 . 1 0 
� 2 5  2 4 . 8  2 . 4 3 9 . 8 0 2 0  2 8  0 . 9 2 5  0 . 1 0 0 . 5 4 0 .  4 6 2 5 . 5 1 0 . 0 0 0  



Table 6 (continued) 

Coefficient 
of 

Variable Sex n .i: • variation 

F ront a l  a rc d' 2 1  1 2 8 . 1  4 .  6 4  3 . 6 2 
'? 2 0  1 2 2 . 8  4 . 9 4 4 . 0 3 

P a r i e t a l  a r c  d' 2 1  1 2 7 . 0  5 . 7 0 4 . 4 8 
'? 2 2  1 2 3 . 1  6 . 7 9 5 . 5 2 

O c c i p i t a l  a rc d' 2 1  1 1 3 . 5  6 . 3 3 5 . 5 7 
'? 2 3  1 1 1 . 1  6 . 1 1 5 . 4 9 

F ront a l  c u rvatu re d' 2 4  2 2 . 5  1 .  7 7  7 . 8 6 
i ndex '? 2 3  2 4 . 3  1 .  7 1  7 . 0 3 

P a r i e t a l  cu rva t u r e  d' 2 0  1 9 . 7  1 .  9 9  1 0 . 1 0 
index '? 2 2  2 1 . 4 3 . 3 2 1 5 . 5 1 

O c c i p i t a l  curvature d' 1 9  3 0 . 1  3 . 1 9 1 0 . 5 9  
i ndex '? 2 0  3 1 . 0 3 . 9 7 1 2 . 8 0 

Gnath i c  i ndex d' 2 2  1 0 3 . 2  3 . 4 8 3 . 3 7 
'? 2 4  1 0 4 . 5  3 .  7 1  3 . 5 5 

Na s a l  i n dex d' 2 0  5 1 . 2  3 . 1 3 6 . 1 1 
'? 2 3  5 3 . 5  4 . 9 6 9 . 2 7 

Orbit a l  i ndex d' 2 0  7 7 . 1  3 . 3 7 4 . 3 7 
'? 2 3  7 9 . 9  4 . 7 0 5 . 8 8 

P a l a t e  modu l e  d' 2 4  4 0 . 7  2 . 9 0 7 . 1 2 
'? 2 5  3 5 . 9  2 . 3 8 6 . 6 2 

Crani a l  modu l e  d' 2 3  1 4 9 . 8  3 . 1 0 2 . 0 6 
'? 2 3  1 4 4 . 1  3 . 7 3 2 . 5 8 

Shapiro Proba-
Min . Max . Wilk bility 

1 1 7  1 3 6  0 . 9 4 4  0 . 1 0 
1 1 2  1 3 0  0 . 9 4 5  0 . 1 0 
1 1 8  1 3 7  0 . 9 6 1  0 . 5 0 
1 0 6  1 3 3 0 . 95 8  0 . 1 0 
1 0 2 1 2 5  0 . 9 6 4  0 . 5 0 

9 5  1 1 9  0 . 9 3 2  0 . 1 0 

1 9  2 6  
1 9  2 7  - -

1 6  2 3  
1 8  3 2  - -

2 5  3 5  - -

2 7  4 2  - -

9 5  1 0 8  
9 6  1 1 2  - -

4 7  5 8  
4 6  6 5  - -

7 1  8 2  - -

7 2  9 0  - -

3 5  4 6  
3 1  4 0  - -

1 4 6  1 5 7  
1 3 8  1 5 0  - -

Proba-
x,2 bility 

0 . 0 8 0 . 7 8 4  

0 . 5 9 0 . 4 4 0  

0 . 0 3 0 . 8 6 9  

0 . 0 3 0 . 8 5 3  

4 . 8 2 0 . 0 2 8  

0 . 8 5 0 . 3 5 6  

0 . 0 9 0 . 7 6 5 

3 . 9 9 0 . 0 4 6  

2 . 1 3 0 . 1 4 4  

0 . 9 4 0 . 3 3 3  

0 . 8 5 0 . 3 5 6  

Student ' a 
t 

3 . 5 3 

2 . 0 1 

1 . 2 3 

3 . 5 2 

1 .  9 1  

0 . 7 5 

1 . 1 6 

1 .  7 7  

2 . 2 6  

6 . 3 2 

5 . 6 7 

Proba-
bility 

0 . 0 0 1  

0 . 0 5 1  

0 . 2 2 7  

0 . 0 0 1  

0 . 0 6 2 

0 . 4 5 4  

0 . 2 5 2  

0 . 0 8 3  

0 . 0 2 9  

0 . 0 0 0  

0 . 0 0 0  

w 
'.J 



Table 7 Descriptive and comparative statistics for the Broadbeach male and female1 cranial dimensions (mm) (;.) 00 

Coefficient 
of Shapi ro P roba-

Variable Sex n :lt • variat ion Min . Max .  Wilk bility 

Maximum b i pa r i e t a l  0 1 5  1 3 1 . 5 4 . 5 1 3 . 4 3 1 2 4  1 4 2  0 .  9 5 9 0 . 5 0 
bre adth 'f 3 1 2 3 . 3  2 . 5 1 3 . 0 1 1 2 1  1 2 6  

Glabe l l a- 0 1 4  1 9 2 . 5  4 . 9 5 2 . 5 7 1 8 6  2 0 1  0 . 9 4 2  0 . 1 0 
opi stho c ran ion 'f 3 1 8 5 . 3  4 . 9 3 2 . 6 6 1 8 2 1 9 1 

Glabe l l a- lambda 0 1 4  1 8 7 . 0  5 . 6 3 3 . 0 1 1 7 7  1 9 8 0 .  9 7 6 0 . 9 0 
'f 3 1 7 9 . 3  3 . 2 1  1 .  7 9  1 7 7  1 8 3 

Bas ion-bregma 0 1 4  1 3 8 . 5  5 . 4 4 3 . 9 3 1 3 0  1 4 9  0 . 9 5 5  0 . 5 0 
'f 3 1 3 0 . 6  2 . 5 1 1 .  9 3  1 2 8  1 3 3 

Bas ion- n a s i on 0 1 3  1 0 4 . 6  3 . 2 5 3 . 1 6 9 8  1 1 0  0 . 9 2 1 0 . 1 0 
'f 3 9 9 . 6  3 . 5 1 3 . 5 2 9 6  1 0 3 

Bas ion- n a s o spin a l e  0 1 1  9 7 . 1  3 . 3 1 3 . 4 1 9 1  1 0 1  o .  8 9 1  0 . 1 0 
'f 3 9 6 . 3  4 . 6 1 4 . 7 9  9 1  9 9  

Bas ion- prosthion 0 1 1  1 0 3 . 7  5 . 4 0 5 . 2 1 9 3  1 0 9  0 . 7 9 4  0 . 0 1 
'f 3 1 0 3 . 3  3 . 7 8 3 . 6 6 9 9  1 0 6  

Bas ion- lambda 0 
'f 

Bas ion- in ion 0 
'f 

Biau r i c u l a r e  0 
'f 

B i a s t e r i o n  0 
'f 

B i s phen ion 0 9 1 0 3 . 5  3 . 0 8 2 . 9 8 1 0 0  1 1 0  0 . 9 0 2  0 . 1 0 
'f 3 1 0 1 . 0 4 . 5 8 4 . 5 4 9 7  1 0 6  

Glabe l l a- bregma 0 1 5  1 1 3 . 8  5 . 6 3 4 . 9 4 1 0 7  1 2 9  0 . 9 0 0  0 . 0 5 
'f 3 1 0 5 . 6  1 . 1 5 1 . 0 9  1 0 5  1 0 7 

Nas ion-bregma 0 1 6  1 1 7  . 5  5 . 0 7 4 . 3 2 1 1 0  1 3 1  0 .  9 2 8 0 . 1 0 
'f 3 1 1 0 . 6 2 . 0 8 1 .  8 8  1 0 9  1 1 3  

Met opion height 0 1 6  2 8 . 0  2 . 9 8 1 0 . 6 7  2 0  3 3  0 . 8 9 8  0 . 0 5 
'f 3 2 8 . 0  1 .  7 3  6 . 1 8 2 7  3 0  

Nas ion-met opion 0 1 6  5 2 . 6  3 . 3 4  6 . 3 4 4 9  5 9  0 . 9 0 2  0 . 0 5 
'f 3 4 9 . 0  5 . 5 6 1 1 . 3 6  4 4  5 5  

Maximum s upraorbit a l  0 1 1  1 1 3 . 2  4 . 2 4  3 . 7 4 1 0 4  1 2 0  0 . 9 5 2  0 . 5 0 
breadth 'f 3 1 0 6 . 0  1 .  7 3  1 .  6 3  1 0 5 1 0 8 

Min imum p o s t o rbital 0 1 4  1 0 0 . 3  5 . 5 5 5 . 5 3 9 2  1 1 0  0 . 9 2 6  0 . 1 0 
breadth 'f 3 9 5 . 6  2 . 5 1 2 . 6 3 9 3  9 8  

Bi zygion 0 3 1 4 1 . 6 1 . 1 5 0 . 8 1 1 4 1  1 4 3  
'f 1 1 2 4 . 0  - - 1 2 4  1 2 4  

Bizygomax i l l a re 0 5 1 0 1 . 8  4 . 6 0 4 . 5 2 9 7  1 0 9  0 . 9 4 3  0 . 5 0 
'f 1 9 7 . 0  - - 9 7  9 7  

B i s tephan ion 0 
'f 

B i stenion 0 
'f 



Table 7 (continued) Coefficient 
of Shapiro P roba-

Variable Sax n :lt a variat ion Min . Max .  Wilk bil ity 

I n i on-opi sthion d' 
'f 

Lambda- opi sthion d' 
'f 

Occ ipit a l  subt e n s e  d' 
h e i ght 'f 

Lambda- occipital d' 
subten s e  'f 

Asterion- opi s thion d' 
'f 

Bas ion- a s t e ri on d' 
'f 

Bas ion-ma s t o i da l e  d' 
'f 

Bas ion- st aphy l i on d' 
'f 

Bregma- lambda d' 
'f 

P a r i e t a l  subt e n s e  d' 
height 'f 

Lambda-pa rietal d' 
s ubt en s e  'f 

Lambda- inion d' 
'f 

Lambda- a s t e ri on d' 
'f 

Na&,ion-n a s o spinale d' 1 2  5 0 . 2  3 . 9 8 7 . 9 2 4 5  5 6  0 . 9 1 5  0 . 1 0 
'f 3 4 8 . 3  3 . 5 1 7 . 2 6  4 5  5 2  

Nas ion-prosthion d' 1 3  6 4 . 2  6 . 1 2 9 . 5 4 5 1  7 4  0 . 9 7 4  0 . 9 0 
'f 3 6 3 . 0  2 . 6 4 4 . 2 0  6 0  6 5  

N a s o spinale-pro sthion d' 1 2  1 6 . 1  3 . 3 2 2 0 . 5 7 1 2  2 3  0 . 9 3 9  0 . 1 0 
'f 3 1 6 . 3  2 . 0 8 1 2 . 7 5 1 4  1 8  

N a s a l  breadth d' 
'f 

Orbital height d' 9 3 5 . 0  1 .  8 0  5 . 1 5 32 37 0 . 8 9 6  0 . 1 0 
'f 2 3 4 . 0  - - 3 2  3 6  

Orbital breadth d' 
'f 

B i e ct ocon chion d' 5 1 0 8 . 4  3 . 6 4 3 . 3 6 1 0 4  1 1 4  0 . 9 5 5  a . s o 
'f 3 1 0 1 . 6 1 . 5 2 1 . 5 0 1 0 0  1 0 3 

Alveo l a r  length d' 1 5  6 1 . 1  3 . 1 8 5 . 2 1 5 6  6 7  0 .  9 7 2  0 . 5 0 
'f 3 6 0 . 3  2 . 0 8 3 . 4 5 5 8  6 2  

Alveo l a r  breadth d' 1 4  6 7 . 7 3 . 8 3 5 . 6 6 5 6  7 3  0 . 7 2 8  < 0 . 0 1  
'f 3 6 3 . 3  4 . 0 4 6 . 3 8 6 1  6 8  

B i c anine breadth d' 
'f 

Ma stoid depth d' 1 4  3 0 . 2  2 . 2 9 7 . 5 9 2 6  3 3  0 . 9 2 2  0 . 1 0 (;J 
'f 2 2 7 . 0  - - 2 4  3 0  

\0 



.... 
Table 7 (continued) 0 

Coefficient 
of Shapiro P roba-

Variable Sex n lt a variation Min . Max .  Wilk bility 

F ront a l  arc c! 
� 

P a ri e t a l  a r c  c! 
� 

Occipital arc c! 
� 

F ront al curvatu re c! 1 6  2 3 . 8  2 . 3 4 9 . 8 3 1 8  2 8  
i ndex � 3 2 5 . 2  1 .  7 6  3 . 1 0 2 4  2 7  

P a r i et a l  cu rvat ure c! 
index � 

Occipital curvature c! 
i ndex � 

Gnathic index c! 1 1  9 8 . 7  4 . 5 8 4 . 6 4 9 0  1 0 5 
� 3 1 0 3 . 6  2 . 1 1 4 . 4 4 1 0 2 1 0 6  

N a s a l  index c! 
� 

Orbital index c! 
� 

P a late modu le c! 1 3  4 1 . 3  3 . 5 0 8 . 4 7 3 5  4 8  
� 3 3 8 . 2  3 . 0 7 8 . 0 4 3 5  4 1  

Cran i a l  modu l e  c! 1 1  1 5 4 . 8  3 . 5 9 - 1 5 1  1 6 2 
� 3 1 4 6 . 4  2 . 0 1 - 1 4 4  1 4 8  

1 B r o adbe ach fema l e  s a mp l e  i s  t o o  sma l l  f o r  me an i n g fu l  s t at i s t i c a l  compa r i s o n  w i t h  the B r o a db e a ch ma l e s  



Table 8 Comparison of male and female cranial dimensions from Coobool Creek with those from the Murray Valley, Swanport and Broadbeach1 
using Student's t test 

Male Female 
Variable Murray Valley Swanport Broadbeach Murray Valley Swanport 

t p t p t p t p t p 

Maximum biparietal 6 . 4 1 . O O O  7 . 2 8  . O O O  4 . 3 8 . O O O  3 . 3 5 . 0 0 1  3 . 6 8 . 0 0 1  
b re a dth 

Glabe l l a- 3 . 9 6 . O O O  3 . 0 4 . 0 0 4  1 . 3 8 . 1 7 6  3 . 2 6  . 0 0 2  1 . 8 7 . 0 7 1  
opi s thocranion 

Glabe l l a- l ambda 4 . 6 9 . O O O  4 . 5 7 . O O O  2 . 0 1 . 0 5 2  3 . 8 9 . O O O  3 . 3 4 . 0 0 2  
B a s ion-bregma 6 . 3 1 . O O O  7 . 5 1 . O O O  1 . 3 7 . 1 7 9  6 . 3 1 . O O O  6 . 6 8 . O O O  
B a s ion-na s i on 2 . 5 9 . 0 1 2  3 . 4 2 . 0 0 1  0 . 1 2 . 9 0 6  2 . 4 4 . 0 1 8  2 .  7 9 2 . 0 0 9  
B a s ion-na s o spinale 3 . 1 7 . 0 0 2  2 . 7 0 . 0 1 0  3 . 9 6 . 0 0 1  1 . 3 8 . 1 7 1  1 .  8 2  . 0 8 0  
B a s ion-prosthion 2 . 8 1 . 0 0 7  3 . 7 3 . 0 0 1  3 . 4 8 . 0 0 2  2 . 2 5  . 0 4 8  2 . 2 7 . 03 1  
B a s  ion- lambda 4 .  4 9 2 . O O O  4 . 9 7 . O O O  - - 6 . 5 6 . O O O  4 . 9 1 . O O O  
B a s ion- inion 3 . 0 2 . 0 0 4  3 . 6 4 . 0 0 1  - - 1 . 5 0 2 . 1 4 4  4 . 1 8 . O O O  
B i a u r i culare 4 . 3 8  . O O O  3 . 9 9 . O O O  - - 4 .  7 1  . O O O  4 . 7 6  . O O O  
B i a st e r ion 0 . 5 7 2 . 5 7 2  1 . 5 5 2 . 1 2 8  - - 2 . 1 8 . 0 3 3  2 . 0 4 . 0 5 1  
B i s phenion 3 . 9 1 . O O O  4 . 9 5 . O O O  2 . 6 1 . 0 1 5  0 . 0 6 . 9 4 9  1 . 0 8 . 2 8 9  
Glabe l l a-bregma 6 . 5 4 . O O O  6 . 4 3 2 . O O O  2 . 1 8 . 0 3 6  4 . 7 6 . O O O  4 . 3 4 . O O O  
Nas ion- bregma 6 . 3 0 . O O O  6 . 8 7 2 . O O O  2 . 0 3 . 0 5 0  5 . 2 6  . O O O  5 . 3 2 . O O O  
Met opion height 2 . 2 5 2 , 3 . 0 3 2  1 .  7 2 2 , 3 . 0 9 1  3 . 8 1 3 . 0 0 1  2 . 3 9 3 . 0 2 0  2 . a 7 2 , 3 . 0 0 7  
Maximum s upraorbital 6 . 9 2 . O O O  5 . 2 0  . O O O  1 .  8 0  . 0 8 1  5 .  7 32 . O O O  4 . 8 0 . O O O  

breadth 
Min imum postorbital 2 . 9 3 . 0 0 5  1 .  7 5  . 0 8 7  0 .  4 9 3 . 6 2 4 2 . 0 6 . 0 4 3  1 .  6 1  . 1 1 7  

breadth 
Bi zygion 3 . 7 2 . 0 0 1  4 . 0 1 . 0 0 1  0 . 4 9  . 6 3 4  
B i z ygomax i l l a re 5 . 8 1 . O O O  3 . 1 0 . 0 0 4  0 . 1 2 2 , 3 . 9 0 9  4 . 9 3 . O O O  3 . 3 1 . 0 0 2  
Bi stephan ion 6 . 4 8 . O O O  4 . 3 7 . O O O  - - 3 . 2 4 . 0 0 2  2 . 4 8 . 02 0 
Bi sten i on 0 . 0 2 . 9 1 4  0 . 4 1 . 6 8 1  - - 1 .  6 8  . 0 9 7  2 . 2 1  . 0 3 6 
I n i on- opi sthion 2 . 6 5 3 . 0 1 0  4 . 4 1 . O O O  - - 0 . 4 0 3 . 6 8 8  1 . 1 5 . 2 6 1  
Lambda- opi sthion 5 . 1 6 2 . O O O  5 . 4 8 2 . O O O  - - 7 . 3 0 . O O O  4 . 6 0 2 . O O O  
Occ ipital subten s e  - - 0 . 2 0 . 8 3 9  - - - - 2 . 4 4 2 , 3 . 0 2 4  

height 
Lambda-occipital - - 3 . 3 9 . 0 0 2  - - - - 0 . 2 4 . 8 0 7  

subt e n s e  
Asterion- opi sthion 0 . 6 8 . 4 9 8  4 . 0 8 . O O O  - - 0 . 2 7 . 7 8 5  0 . 6 6 . 4 1 8  
Bas ion- a s t e ri on 2 . 6 9 . 0 0 9  3 . 7 1 . 0 0 1  - - 3 . 1 4 . 0 0 3  3 . 2 a 2 . 0 0 3  
Bas ion- ma stoida l e  2 . 6 7 . 0 1 0  1 . 5 2 . 1 3 5  - - 4 . 1 9 . O O O  4 . 1 1 . O O O  
Bas ion- st aphy l i on 2 . 7 3 . 0 0 9  1 .  8 9  . 0 7 0  - - 1 .  9 3  . 0 5 9  2 . 2 3  . 03 4  
Bregma- lambda 1 . 3 1 . 1 9 5  2 . 1 4 . 0 3 8  - - 0 . 9 5 . 3 4 8  1 . 2 7  . 2 1 3  
P a r i et a l  subt en s e  1 . 3 6 2 . 1 8 3  1 .  6 2  . 1 1 3  - - 0 . 1 1 2 , 3 . 9 1 5  0 . 1 1 . 9 1 6 

hei ght 
Lambda-pa rietal 1 . 5 6  . 1 2 4  1 . 2 8 . 2 0 6  - - 1 . 2 8  . 2 0 5  0 . 1 4 3 . 8 9 4  

subt e n s e  
Lambda- inion 4 .  2 7 2 . O O O  1 . 1 0 2 . 0 1 1  - - 3 . 7 2 . 5 1 9  1 .  6 6  . 8 4 0  
Lambda- a s t e ri on 3 . 6 1 2 . 0 0 1  2 . 6 7 2 . 0 1 1  - - 0 . 6 7 2 . 5 1 9  0 . 2 0 2 . 8 4 0  
Nas ion-n a s o spinale 3 . 4 4 . 0 0 1  3 . 5 5 . 0 0 1  3 . 2 2 . 0 0 3  2 . 5 6  . 0 1 3  1 .  7 4  . 0 9 2  ""' ...... 
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Table 8 (continued) 

Male Female 
Variable Murray Valley Swanport Broadbeach Murray Val ley Swanport 

t p t p t p t p t p 

N a s ion-prosthion 4 . 0 4 . O O O  7 . 4 2 . O O O  6 . 2 1 . O O O  2 . 1 3 . 0 1 3 2 . 9 1 . 0 9 2  
Na s o spinale-pro sthion 0 . 2 7  . 7 9 1  4 . 6 7 . O O O  3 . 2 4 . 0 0 3  0 . 3 5 . 7 2 6  3 .  7 1  . 0 0 1  
N a s a l  breadth 2 . 2 2  . 0 3 0  6 .  7 1  . O O O  - - 2 . 2 4  . 0 2 9  4 .  2 8 2 . O O O  
O rbi t a l  height 1 .  8 1 3 . 0 7 4  3 . 2 9 3 . 0 0 2  3 . 4 8 3 . 0 0 2  0 . 9 2 . 3 5 9  1 . 0 2 3 . 3 1 4  
O rb it a l  breadth 1 . 5 1 3 . 1 3 5  0 . 1 2 2 , 3 . 9 0 6  - - 2 . 1 2 . 0 3 8  3 . 0 7 . 0 0 5  
B i e ct oconchion 4 . 1 8 . O O O  4 . 6 1 . O O O  0 . 1 8 . 8 6 3  3 . 2 7  . 0 0 2  3 . 0 7 . 0 0 4  
A l v eo l a r  length 0 . 6 3 2 . 5 3 1  3 . 7 6 . 0 0 1  3 . 5 8 . 0 0 1  0 . 8 8 . 3 7 8  2 . 8 1 2 . 0 0 8  
A l v e o l a r  breadt h  3 . 3 5 . 0 0 1  6 . 2 3 . O O O  3 .  7 2  . 0 0 1  3 . 4 6 . 0 0 1  4 . 6 9 . O O O  
B i canine breadt h  2 . 2 6  . 0 2 7  2 . 5 3 . 0 1 6  - - 4 . 0 4 . O O O  5 . 1 2 . O O O  
M a s t o i d  depth 0 . 0 5 . 9 6 0  2 . 8 1 . 0 0 7  1 . 1 9 . 2 4 0  0 . 9 1 . 3 6 5  3 . 2 0 . 0 0 3  
F ront al a rc 2 .  7 1  . 0 0 9  3 . 2 3 . 0 0 2  - - 2 . 3 2 . 0 2 4  2 . 4 8 . 0 1 9  
P a rietal arc 1 . 5 9  . 1 1 6  2 . 8 3 . 0 0 7  - - 0 . 9 1 . 3 6 6  1 .  2 1  . 2 3 5  
O c c ipital a r c  3 .  7 8 2 . 0 0 1  3 . 3 8 . 0 0 2  - - 5 . 3 8 . O O O  4 . 3 0 . O O O  

F ront al curvatu re 4 . 0 1 2 , 3 . O O O  3 . 6 7 2 , 3 . 0 0 1  4 . 3 6 2 , 3 . O O O  3 . 0 4 2 , 3 . 0 1 6  4 . 8 5 2 , 3 . O O O  
i ndex 

P a rieta l cu rvat ure 1 . 0 7 2 . 2 9 2  0 . 9 6 . 3 3 9  - - 0 .  5 3 2 , 3 . 6 0 7  i . 0 5 2 , 3 . 3 0 4  
i ndex 

O c c ipital curvature - - 1 . 9 5 3 . 0 6 1  - - - - 2 .  8 6 3 . 0 0 9  
i ndex 

Gnathi c  index 0 . 9 7 . 3 3 2  1 . 5 1 . 1 3 9  4 . 0 4 . O O O  0 . 4 8 . 6 3 3  0 . 2 5 . 8 0 8  
N a s al index 1 .  4 9  . 1 4 3  2 . 8 4 . 0 0 7  - - 0 . 4 2 . 6 7 3  0 . 8 4 . 4 0 8  
O rbital i ndex 1 .  3 4 3 . 1 8 0  3 . 3 7 3 . 0 0 2  - - 0 . 5 1 3 . 6 1 8  2 . 5 5 3 . 0 1 6  
P alate modu le 2 . 0 8 . 0 4 0  6 . 2 6  . O O O  4 . 4 3 . O O O  2 . 4 2 . 0 1 9  4 . 9 4 . O O O  
C ranial modu l e  5 . 8 4 . O O O  6 . 5 7 . O O O  1 .  8 2  . 0 7 9  4 . 7 3 . 0 0 1  5 . 0 7 . O O O  

t = Student ' s  t 
P = probab i l i t y  
1 Bro adb e a ch fema l e  samp l e  t o o  sma l l ( n = 4 )  f o r  s i gn i f i cant comp a r i s on 
2 S i gn i f i cant d i f fe r e n ce in v a r i ance i n d i c a t e d  by Bart l e t t ' s X2 ( P  = . 0 5 - . 0 0 1 )  
3 Coobo o l  C reek me an l e s s  t h a n  comparat i ve me an 



Table 9 Descriptive and comparative statistics for the Kow Swamp and Barham male and female cranial dimensions (mm) 

Kow Swamp Barham 
Variable Sex n jt; s Min . Max . n jt; s Min . Max . 

Maximum bipa r i e t a l  d' 2 1 3 8 . 5  - 1 3 8  1 3 9  4 1 3 1 . 0 5 . 3 5 1 2 4  1 3 7  
breadth � - - - - - 1 1 1 8 . 0  - 1 1 8  1 1 8  

Glabe l l a- d' 2 1 9 6 . 5  - 1 92 2 0 1  4 1 9 5 . 8  6 . 8 9 1 8 7  2 0 3  
opi stho c ran ion � - - - - - 1 1 9 4 . 0  - 1 9 4 1 9 4 

Glabe l l a- lambda d' 1 1 8 9 . 0  - 1 8 9  1 8 9  4 1 9 1 .  0 8 . 8 3 1 8 3 2 0 3  
� - - - - - 1 1 8 8 . 0  - 1 8 8  1 8 8  

B a s ion- bregma d' - - - - - 2 1 3 7 . 0  - 1 3 5  1 3 9  
� 

B a s ion- na s i on d' - - - - - 2 1 0 6 . 0  - 9 8  1 1 4  
� 

B a s ion- n a s o spinale d' - - - - - 2 9 9 . 5  - 9 1  1 0 8 
� 

B a s ion- pro sthion d' - - - - - 2 1 0 4 . 0  - 9 6  1 1 2  
� 

B a s  ion- lambda d' - - - - - 2 1 1 6 . 5  - 1 1 6  1 1 7  
� 

B a s  ion- in ion d' - - - - - 2 7 8 . 0  - 7 4  8 2  
� 

Biauricul are d' 2 1 2 6 . 5  - 1 1 7  1 3 6  3 1 2 0 . 3  2 . 5 1 1 1 8  1 2 3  
� - - - - - 1 1 1 0 . 0  - 1 1 0  1 1 0  

B i a sterion d' 2 1 1 2 . 0  - 1 1 2 1 1 2  4 1 1 0 . 8  6 . 3 4 1 0 3 1 1 8  
� - - - - - 1 1 0 3 . 0  - 1 0 3 1 0 3 

B i s phen ion d' - - - - - 2 9 9 . 0  - 9 3  1 0 5 
� 

Glabe l l a- bregma d' 3 1 1 8 . 0  3 . 6 0 1 1 4  1 2 1  4 1 1 6 . 8 4 . 1 9 1 1 1  1 2 1  
� 2 1 0 3 . 0  - 9 7  1 0 9  1 1 1 0 . 0  - 1 1 0  1 1 0  

N a s ion-bregma d' 4 1 2 0 . 3  3 . 3 0 1 1 6  1 2 4  4 1 1 8 . 0  4 . 2 4 1 1 2 1 2 1  
� 2 1 0 8 . 0  - 1 0 4  1 1 2  1 1 1 3 . 0  - 1 1 3 1 1 3  

Met opion he ight d' 4 1 8 . 0  3 . 8 3 1 3  2 1  4 2 4 . 8  2 . 6 3 2 1  2 7  
� 2 2 5 . 5  - 2 3  2 8  1 2 4 . 0  - 2 4  2 4  

N a s ion-metopion d' 
� 

Maximum supraorbital d' 4 1 1 7  . 8  5 . 3 1 1 1 0  1 2 2  2 1 0 9 . 0  - 1 0 7  1 1 1  
bre adth � 2 1 1 0 . 0  - 1 0 9  1 1 1  1 1 0 6 . 0  - 1 0 6  1 0 6  

Minimum postorb i t a l  d' 4 1 0 0 . 0  5 . 3 5 9 5  1 0 6  3 9 2  . 3  2 . 5 1 9 0  9 5  
breadth � 1 1 0 1 . 0 - 1 0 1  1 0 1  1 9 2 . 0 - 9 2  9 2  

B i zygion d' - - - - - 2 1 3 3 . 5  - 1 3 1  1 3 6  
� 

B i z ygomax i l l a re d' 2 1 0 4 . 0  - 1 0 3 1 0 5 2 9 5 . 0  - 9 3  9 7  
� 1 - - - - 1 93 . 0  - 9 3  9 3  

B i st ephan ion d' 4 9 9 . 3  6 . 9 6 8 0  1 1 0  1 7 6 . 0  - 7 6  7 6  
� 1 - - - - 1 9 1 . 0 - 9 1  9 1  

B i stenion d' 1 6 5 . 0  - 6 5  6 5  1 7 2  . 0  - 7 2  7 2  
� 

I n i on-opi sthion d' 1 3 4 . 0  - 3 4  3 4  3 4 5 . 7  4 . 0 4 4 1  4 8  
� - - - - - 1 4 2 . 0  - 4 2  4 2  tl 



� Table 9 (continued) � 
Kow Swamp Barham 

Variable Sex n :X: s Min . Max . n :X: s Min . Max . 

Lambda- opi sthion d' - - - - - 3 9 8 . 3  2 . 5 1 9 6  1 0 1 
� - - - - - 1 9 0 . 0  - 9 0  9 0  

Occipital subten s e  d' - - - - - 3 3 0 . 3  6 . 1 1 2 5  3 7  
height � - - - - - 1 2 4 . 0  - 2 4  2 4  

Lambda- o c c i p i t a l  d' - - - - - 3 5 9 . 7  4 . 0 4 5 6  6 4  
s ubt en s e  � - - - - - 1 4 1 . 0 - 4 1  4 1  

Asterion- opi sthion d' - - - - - 3 6 5 . 7  1 5 . 0 1  5 1  8 1  
� 

B a s ion- a s t e ri on d' - - - - - 2 7 6 . 5  - 7 5  7 8  
� 

B a s ion- ma s t o i da l e  0 - - - - - 2 5 1 . 5  - 5 1  5 2  
� 

B a s ion- st aphy l i on 0 - - - - - 1 4 4 . 0  - 4 4  4 4  
� 

Bregma- l ambda 0 5 1 1 9 . 8 4 .  7 1  1 1 6  1 2 7  4 1 2 0 . 3  9 .  9 1  1 1 4  1 3 5 
� 1 1 1 5 . 0  - 1 1 5  1 1 5  2 1 1 7  . 0  - 1 1 3  1 2 1  

Parietal subt en s e  0 5 2 4 . 4  3 . 9 7 2 1  3 1  4 2 4 . 5  2 . 5 1 2 2  2 8  
height � - - - - - 2 2 4 . 0  - 2 4  2 4  

Lambda- pa rietal 0 4 6 0 . 0  4 . 5 4 5 6  6 6  4 6 8 . 3  4 . 7 8 6 4  7 5  
s ubten s e  � - - - - - 2 6 5 . 0  - 6 5  6 5  

Lambda- inion 0 4 6 6 . 5  1 1 . 6 7  5 4  8 2  4 8 5 . 8  9 . 0 6 7 9  9 9  
� - - - - - 2 8 9 . 5  - 8 0  9 9  

Lambda- a s t e r  i on 0 5 8 6 . 8  4 . 1 4 8 4  9 4  4 8 5 . 8  9 . 0 6 7 9  9 9  
� - - - - - 2 8 9 . 5  

Nas ion- n a s o spinale 0 3 55 . 7  2 . 3 1 5 3  5 7  4 5 1 . 0 2 . 3 0 4 9  5 3  
� 1 4 7 . 0  - 4 7  4 7  1 5 1 . 0  - 5 1  5 1  

Na s ion-pro sthion 0 3 7 7 . 0  2 . 3 1 7 3  8 1  4 6 7 . 8  2 . 6 3 6 5  7 0  
� 1 6 7 . 0  - 6 7  6 7  1 7 0 . 0  - 7 0  7 0  

N a s o spinale-p ro sthion 0 3 2 1 . 3  2 . 3 1 2 0  2 4  4 1 6 . 5  0 . 5 7 1 6  1 7  
� 1 2 0 . 0  - 2 0  2 0  1 1 9 . 0  - 1 9  1 9  

N a s a l  breadth 0 3 2 7 . 7  3 . 2 1 2 7  3 1  5 2 8 . 4  1 . 1 4 2 7  3 0  
� 1 2 8 . 0  - 2 8  2 8  1 5 6 . 0  - 5 6  5 6  

Orbit al height 0 4 2 8 . 8  1 .  8 9  2 7  3 1  4 3 3 . 8  4 . 1 9 2 8  3 8  
� 2 2 9 . 5  - 2 9  3 0  1 3 1 . 0 - 3 1  3 1  

Orbital breadth 0 3 4 5 . 0  5 . 0 0 4 0  5 0  3 4 5 . 0  3 . 6 0 4 2  4 9  
� 1 4 5 . 0  - 4 5  4 5  1 4 1 . 0 

Biectocon chion 0 3 1 1 1 . 3  9 . 2 9 1 0 1  1 1 9  2 1 0 2 . 5  - 1 0 1  1 0 4  
� 2 1 0 7 . 0  - 1 0 4  1 1 0  1 1 0 1 . 0 - 1 0 1  1 0 1  

Alveo l a r  length 0 1 65 . 0  - 6 5  6 5  3 5 8 . 3  4 . 0 4 5 4  62  
� 1 6 1 . 0 - 6 1  6 1  1 5 8 . 0  - 5 8  5 8  

Alveo l a r  breadth 0 2 7 1 . 5 - 7 0  7 3  2 6 6 . 5  - 6 4  6 9  
� 1 6 9 . 0  - 6 9  6 9  1 6 6 . 0  - 6 6  6 6  

Bi canine breadth 0 3 4 9 . 7  2 . 3 0 4 7  5 1  4 4 5 . 3  2 . 7 5 4 2  4 8  
� 1 4 6 . 0  - 4 6  4 6  1 4 3 . 0  - 4 3  4 3  

Ma stoid depth 0 2 3 0 . 0  - 2 9  3 1  5 3 0 . 0  1 .  8 7  2 7  3 2  
� - - - - - 2 2 3 . 5  - 2 3  2 4  



Table 9 (continued) 

Kow Swamp Barham 
Variable Sex n x a Min . Max . n x a Min . Max . 

F ront al a rc 0 3 1 3 0 . 3  4 .  6 1  1 2 5  1 3 3 4 1 3 4 . 0  4 . 9 6 1 2 7  1 3 8  
� 2 1 2 4 . 0  - 1 1 8  1 3 0  1 1 2 8 . 0  - 1 2 8  1 2 8  

Parietal arc 0 4 1 3 4 . 0  6 . 0 0 1 3 1  1 4 3 4 1 3 4 . 3  1 1 . 2 9  1 2 7  1 5 1  
� 1 1 3 0 . 0  - 1 3 0  1 3 0  2 1 3 1 . 0  - 1 2 9  1 3 3  

O c c ipital arc 0 - - - - - 2 1 1 8 . 0  - 1 1 8  1 1 8  
� - - - - - 1 1 0 7 . 0  - 1 0 7  1 0 7 

F ront a l  curvature 0 4 1 4 . 9  2 . 8 9 1 1  1 8  4 2 0 . 9 5 1 .  5 9  1 9  2 2  
i ndex � 2 2 3 . 5  - 2 2  2 5  1 2 1 . 2 - 2 1  2 1  

P a r i e t a l  cu rvat ure 0 5 2 0 . 3  2 . 7 1 1 7  2 4  4 2 0 . 4  1 .  0 6  1 9  2 1  
i ndex � - - - - - 2 2 0 . 6  - 1 9  2 2  

O c c ipital curvature 0 - - - - - 3 3 0 . 7  5 . 3 9 2 6  3 7  
index � - - - - - 1 2 6 . 7  - 2 7  2 7  

Gnathi c  index 0 - - - - - 2 9 8 . 1  - 9 8  9 8  
� 

N a s a l  index d' 3 4 8 . 9  7 . 3 0 4 2  5 7  4 5 5 . 0  3 . 7 9 5 1  5 9  
� 1 5 9 . 6  - 6 0  6 0  1 5 1 . 0 - 5 1  5 1  

O rbital index d' 2 7 3 . 2  - 6 9  7 8  3 7 3 . 8  6 . 2 0 6 7 7 8  
� 1 6 6 . 7  - 6 7 6 7 1 7 5 . 6  - 7 6 7 6  

P a l at e  modu l e  d' - - - - - 2 3 8 . 7  - 3 4  4 2  
� 1 4 2 . 1 - 4 2  4 2  1 3 8 . 3  - 3 8  3 8  

C ra n i a l  modu l e  d' - - - - - 2 1 5 3 . 8  - 1 5 1  1 5 6  
� 

� 



Table 10 Dimensions of individual late Pleistocene and early Holocene Aboriginal crania (mm) � °' 

Kow Lake Lake 
Nacurrie Nacurrie Swamp Lake Mungo Mungo 

Variable Cohuna !'.eilor Moa agi•l 1 2 s Nitchie I I I I  

Max imum bipa r i eta l 
b re adth 1 3 1  1 4 2  1 3 8  - 1 3 9  1 3 9  1 4 1  1 3 0  1 3 2  

Glabe l l a-
opi stho c ran ion 1 9 9  1 9 7  2 0 3 2 0 9  2 0 6  1 9 2 1 9 7 - 1 9 1  

Glabe l l a- lambda 1 9 6  1 8 9  1 9 9 2 0 9  2 0 1 1 8 9  1 9 1 1 7 3  
B a s ion- bregma 1 4 2  1 4 2  - - 1 4 6  - 1 4 2 
Bas ion-na s i on 1 0 6  1 0 9  - - 1 1 3 - 1 1 1  
Bas ion-n a s o spinale 1 0 2  1 0 3  - - - - 1 0 5 
B a s ion-prosthion 1 1 2  1 0 9  
B a s  ion- lambda 1 2 7  1 2 9  - - 1 2 5  - 1 2 0  
B a s ion- inion - 8 5  - - 8 2  - 8 1  
Biauriculare 1 2 7  1 3 3  - - 1 2 6  1 1 7  1 3 8  
B i a s t e r ion 1 0 9  1 1 1  1 1 4  - 1 1 0  1 1 2  1 2 0  1 0 3  1 1 3  
B i s phen ion 9 6  1 0 8  - - - - 1 1 0  
Glabe l l a-bregma 1 2 6  1 1 3  1 2 0  1 3 4  1 2 6  - 1 2 2  
Nas ion- bregma 1 2 6 1 1 4  1 2 0  1 3 8  1 2 9  - 1 2 1  
Met opion height 1 8  2 4  2 1  2 0  2 2  - 2 9  
Nas ion-metopion 
Maximum supraorbital 

breadth 1 1 6  1 1 6  1 1 9  - 1 1 6  1 1 0  1 2 2  1 0 7  
Min imum p o s t o rbital 

breadth 8 9  1 0 2  9 8  1 0 4  1 0 0  9 6  1 0 6  
Bi zygion 1 4 5  - - - - - 1 5 0  
B i z ygomax i l l a re 1 0 9  9 6  - - - 1 0 5 1 0 6  
B i s t ephan ion 9 4  1 2 0  - 9 6  1 0 5 1 0 9  - 1 0 3  
I n i on- opi sthion - 4 8  4 6  - 4 7  - 5 0  4 0  5 2  
Lambda- opi sthion - 1 0 6  1 0 5 - 9 7  - 9 5  9 5  9 7  
Occipital subtense 

height - 3 2  - - 2 7  - 3 1  - 3 0  
Lambda- occipital 

subt e n s e  - 6 0  - - 5 2  - 4 4  - 4 0  
Asterion- opi sthion - 6 7  6 7  - 6 1  - 6 9  - 7 1  
Bas ion- a s t e ri on - 8 7  - - 7 7  - 8 1  
Bas ion- ma stoidale - 5 3  - - 5 4  - 6 0  
Bas ion- st aphy l i on - 4 7  
Bregma- lambda 1 1 6  1 1 9  1 2 1  1 2 3  1 2 4  1 2 7  1 2 3  1 0 8  1 1 4  
P a rietal subtense 

height 2 6  2 1  2 4  2 9  2 9  3 1  2 4  2 0  1 8  
Lambda- pa riet a l  

subte n s e  5 5  5 9  6 0  6 0  6 8  6 1  6 5  6 2  6 5  
Lambda- in ion - 7 4  7 0  6 7  6 0  8 2  6 0  6 8  5 9  
Lambda - a s t e rion 8 8  8 5  9 1  9 0  8 6  9 4  8 8  7 6  7 9  
N a s ion-na so spinale 5 4  5 1  - - - 5 3  6 1  
N a s ion-pro sthion 7 5  7 4  - - - 7 3  



Table 10 (continued) 

Variable Cohuna Keil or Mos sgiel 

N a s o s p i n a l e-pro sthion 2 1  2 4  -

N a s a l  breadth 3 0  2 7  -

O rb it a l  height 3 0  3 2  -

O rbital breadth 4 4  4 2  -

B i e ct o c on chion 1 1 0  1 0 7  -

Alveo l a r  l ength 6 7  6 4  -

Alveo l a r  breadth 7 4  7 1  -

B i can i n e  breadth 5 6  4 9  4 9  
Ma s t o i d  depth - - -

F ront a l  a rc - 1 2 7  -

P a ri e t a l  a r c  - 1 3 0  -

O c c ipit a l  a r c  - 1 2 9  -

F ront a l  curvature 
index 1 4 . 3  2 2 . 4  1 7 . 5  

P a r i e t a l  curvature 
index 2 2 . 4  1 7 . 6  1 9 . 8  

O c c i p i t a l  curvatu re 
index - 3 0 . 2  -

Gnathi c  index 1 0 5 . 7  1 0 0 . 0  
N a s a l  i ndex 5 5 . 6  5 2 . 9  -

O rbital i ndex 6 8 . 2  7 6 . 2  -

P a l at e  modu le 4 9 . 6 4 5 . 4  -

Cran i a l  modu l e  1 5 7 . 3  1 6 0 . 3  -

Kow 
Nacurrie Nacurrie Swanp 

1 2 5 

2 5  - 2 0  
- - 3 0  
- - 3 1  

4 5  - 4 0  
- 1 0 8 1 0 1 
- - 6 5  
- - -

- - 5 1  
3 0  - 3 1  

1 4 9  1 4 3  
1 4 2  1 4 0  1 4 3  

- 1 1 7  

1 4 . 5  1 7 . 1  -

2 3 . 6  2 3 . 6  2 4 . 4  

- 2 7 . 8  -

- - 5 6 . 6  
- - 7 7 . 5  
- - -

- 1 6 3 .  6 -

Lake 
Nit chie 

3 2  
3 4  
4 7  

1 1 4  
6 7  
7 4  
4 6  
3 4  

2 4 . 0  

1 9 . 5  

3 2 . 6  

5 2 . 5  
7 2 . 3  
4 9 . 6  

1 6 0 . 0  

Lake 
Mungo 

I 

2 7  

9 7  

1 8 . 5  

-

Lake 
Mungo 

I I I  

2 8  

1 5 . 8  

3 0 . 9 

""' 'l 
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variables described in Chapter II. The descrip­
tive and comparative data for these crania are 
presented in Tables 4-10. Raw data for the 
Coobool Creek craniometric variables are located 
in Appendix 1 .  Due to the small size of the 
Broadbeach female sample (n = 4), these crania 
will not be included in statistical comparisons. 
Lateral and facial views of some of the Coobool 
Creek crania and occlusal views of the palates are 
presented in Plates 1-8. The crania selected for 
the plates highlight some of the variation in size 
and shape which is present in the Coobool Creek 
series. 

Morphologically and metrically the Coobool 
Creek crania are distinguished by their extreme 
variability. To some extent this variability is a 
function of artificial cranial deformation (Brown 
198lb, 1987a) and the morphological and 
metrical features associated with this process will 
be examined in detail after the initial morpho­
logical comparison. 

General appearance 

The immediate impression that is gained with 
the Coobool Creek crania is of great overall size 
combined with extreme variability in the shape 
of the neurocranium. Facial skeletons are deep 
and broad with shallow rectangular orbits, broad 
nasal apertures, large palates and great supra­
orbital breadth. Cranial vaults are extremely 
dolichocephalic with length, breadth and height 
dimensions which are either in the upper range, 
or exceed, those in the comparative samples 
(Tables 4-8). This is reflected in the cranial 
module results where the Coobool Creek male 
and female crania can clearly be distinguished 
from the two recent southeastem Australian 
samples from Swanport and the central Murray 
Valley (Table 8, Fig.14). Morphological varia­
bility in the Coobool Creek crania is most evident 
when they are viewed from a lateral aspect. In 
particular the manner in which the extremes of 
anteroposterior curvature of the frontal, parietal 
and occipital bones are combined with great 
cranial height and length, in some of the Coobool 
Creek crania, distinguishes them from the com­
parative samples (Murray Valley, Swanport and 
Broadbeach) used in this analysis. 

The frontal bone 

In keeping with the overall large size of the 
Coobool Creek cranial vaults their frontal bones 
combine great supraorbital breadth with marked 
anteroposterior length (nasion-bregma), several 
individuals exceeding the previously recorded 
Aboriginal range for these dimensions. 
However, this large size is not necessarily 

Male 1 70 

E 
5 1 60 
(]) ;; 

'"Cl B 0 
E 

·8 1 50 
"' ... u 

1 40 
cc BA MV SW BB 

Group 

Female 1 60 
'E 5 1so 

+ Q  
(]) $ ;; 

'"Cl 0 
E 
·8 1 40  
"' .... u 

130 �-�-�--�-�-� 

Figure 14 
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Box plots of cranial module dimen­
sions in male and female Aboriginal 
crania from Coobool Creek, Barham, 
the Murray Valley, Swanport and 
Broad beach 

paralleled by an associated increase in morpho­
logical development. In both the Coobool Creek 
and contemporary samples used in this analysis 
there is clearly a high degree of independence, at 
least within single-sex samples, between gross 
morphological development and overall size. 

The glabella region (Fig.15) is preserved in all 
of the reconstructed Coobool Creek crania and its 
prominence was graded using the scale 
developed by Martin and Saller (1957:Fig.536) 
(Table 11 ) .  The frontal bones combine a typically 
low and broad glabella region with only mod­
erate depression of the nasal root. The glabellae 
do not exhibit the inflated, prominent appearance 
of many modem Aboriginal crania. 

The prominence of the superciliary ridges and 
zygomatic trigones (Fig.15) were scored accord­
ing to the grades defined by Lamach and 
Freedman (1964), using casts defining their Class 
2 limits provided by the Department of 
Anatomy, University of Sydney (Table 12) .  There 
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Supraorbital foramen 

Supraorbital notch Glabella 

Table 11 

Cla s s  1 
Cla s s  2 
Cla s s  3 
Cla s s  4 
Cla s s  S 
Cla s s  6 

Table 12 

Cla s s  1 
Cla s s  2 
Cla s s  3 

Table 13 

Cla s s  1 
Cla s s  2 
Cla s s  3 

Figure 15 Supraorbital and frontal region in an adult male Aboriginal cranium 

Glabella prominence in the Coobool Creek crania 

1 * , 7 * 
2 * ,  8 ,  9 * ,  1 0 ,  1 2 * ,  1 3 ,  1 6 ,  1 8 * ,  2 3 ,  4 0b * , 4 7 * ,  4 9 , S O * , S 8 *  
s ,  2 8 , 2 9 ,  3 S , 3 6 ,  3 7 , 4 1 ,  4 S , S l , 6 S , 6 6 ,  7 S , 8 2  
4 6 ,  7 1 ,  7 6 

* Fema l e  

Superciliary ridge prominence in the Coobool Creek crania 

1 * ,  2 * ,  7 * ,  9 * ,  1 0 ,  2 9 ,  4 0b * ,  4 7 * ,  S O *  
s ,  1 2 * ,  1 3 ,  1 8 * ,  2 3 , 2 8 ,  4 1 ,  4 9 ,  S l , 6 S , 6 6 ,  7 1 , 8 2 
8 , 1 6 ,  3 S , 3 6 ,  3 7 , 4 S ,  4 6 ,  7 6  

* Fema l e  

Zygomatic trigone development in the Coobool Creek crania 

.1 * ,  7 * ,  1 8 * 
2 * ,  8 ,  9 * , 1 0 ,  3 6 ,  4 0b * ,  4 5 ,  4 7 * ,  S l  
s ,  1 2 * ,  1 3 ,  1 6 ,  2 3 ,  2 8 ,  2 9 ,  3 S ,  3 7 ,  4 1 ,  4 9 ,  S O *  I 6 S , 6 6 ,  7 1 , 7 S , 7 6 ,  8 2  

* Fema l e  
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is considerable sex-based dimorphism in the 
development of these features in Aboriginal 
crania, with some slight regional variation 
(Brown 198la) .  With one prominent exception, 
CC76 (Plate 8), superciliary ridge development in 
the Coobool Creek crania do not exceed the 
maximum in the comparative Euston crania. The 
Coobool Creek superciliary arches are generally 
elongated and parallel with the upper margin of 
the orbit, rather than arching superiorly away 
from the orbital margin as they progress laterally 
(Plates 1-2). 

One of the distinctive features of frontal bones 
from the central Murray Valley region (especially 
those of males) is the prominence of the zygo­
matic trigones (Fig.15) .  These often develop into 
large globose structures with marked lateral 
development. Development of the trigones in the 
Coobool Creek frontals varies with sex. Maxi­
mum development of the trigones is found in 
CC16, 29 and 76 (Plates 1 -8) where it exceeds the 
Euston maximum (Table 13) .  

The combination of glabella, superciliary 
ridges and zygomatic trigones form the supra­
orbital torus (Cunningham 1908) .  Cunningham 
presents a detailed description of the 
morphology of the supraorbital region in primate 
crania. He subdivides the torus into three 
distinct types. 
Type 1: the three elements of the supraorbital 

region are distinct and separate, with each 
superciliary ridge separated by a shallow 
median depression from glabella. 

Type 2: the superciliary ridges and glabella are 
continuous as a single unit. On the outer 
side of the supraorbital notch the super­
ciliary ridges extend outwards with a vary­
ing degree of prominence and for a varying 
distance towards the trigones. From the 
latter it is separated by a faint groove which 
ascends obliquely upwards and outwards 
from the supraorbital notch. 

Type 3: all three elements are fused to form a 
continuous arch, the torus supraorbitalis, 
which extends from glabella to the fronto­
malar suture. 

Lamach and Macintosh (1966) found that in 
Aboriginal crania there was a need for an inter­
mediate category (pseudo-torus) between 
Cunningham's Classes 2 and 3. In this transition 
type 'the floor of the sulcus supraorbitalis is 
pushed up by the fused projections of the super­
ciliary and trigonal elements, but on closer 
examination it can be observed crossing the 
pseudo-torus from the supraorbital notch' 
(Lamach and Macintosh 1966:15). In assessing 

the development of the supraorbital torus the 
important factor is continuity of the individual 
elements rather than size. Fenner (1939) and 
Lamach and Macintosh (1966) found that the 
majority of the Aboriginal crania they examined 
could be classified as Cunningham's Class 2. A 
similar result was obtained with the Coobool 
Creek crania (Table 14). Four of the Coobool 
Creek crania, CC28 (Plate 1 ), 35, 37 and 82, 
displayed definite continuity of the three 
supraorbital elements and were classified as 
Class 3 (true torus). Thome (1975) found that 
three of the Kow Swamp crania (KSl, 8 and 15) 
displayed a true supraorbital torus. Supraorbital 
development in the Barham males and females 
falls within the recent range of variation, without 
continuous supraorbital tori . 

A supraglabella fossa of variable development 
is present in all the frontal bones, with the excep­
tion of CC29. In this individual a broad and low 
median ridge extends from the middle third of 
the frontal downwards towards glabella, where it 
expands into a broad triangular field. This 
results in a continuous ridge running backwards 
from glabella towards bregma. When present the 
supraglabella fossa generally extends backwards 
and laterally into an ophryonic groove, which 
may extend to the temporal crests (Fig.15) .  Two 
features, the height of the superciliary ridges and 
the development of the frontal eminence, 
influence the depth of the ophryonic groove. 
Both male and female crania may have pro­
nounced ophryonic grooves, however, in males 
an illusion of greater depth may be given by their 
contrasting supraorbital development. In com­
parison with the Euston male crania, the depth of 
this groove in the Coobool Creek series varies 
from extremely shallow (CC29 and 49) to deep 
(CC37) .  

Both supraorbital grooves and foramina occur 
in the reconstructed Coobool Creek crania 
(Fig.15) .  Bilateral notches are present in 21 of the 
25 reconstructed crania (84%), with bilateral 
foramina in CC75 and 82 and a unilateral 
foramen in CC46. In both location and shape the 
Coobool Creek supraorbital grooves fall within 
the range of the comparative Euston sample. 

Laterally, the development of the temporal 
crests is variable with extremely prominent crests 
in the male CC16 (Plate 4). In this individual the 
crests form pronounced broad ridges running 
from the fronto-malar to the coronal suture. 
They become less prominent on the parietals. On 
the medial side of the temporal ridges in this 
individual are extended, deep grooves running 
parallel with the temporal ridges along the 
middle third of the frontal bone. With the 
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Table 14 Supraorbital development in the the Coobool Creek crania 

Cunningham Type 1 
Cunni ngham Type 2 
P s eudo t o ru s  
Cunningham Type 3 

l * ,  9 * ,  1 2 * , 1 3 , 1 8 ,  2 3 , 2 9 ,  4 0b* , 4 5 ,  4 6 , 4 7 ,  4 9 ,  5 0 , 5 1 , 6 5  
1 6 , 3 6 ,  4 1 ,  6 6 ,  7 1 ,  7 5 ,  7 6  
2 8 ,  3 5 ,  3 7 ,  8 2  

* fema l e  

Table 15 Median frontal ridge development in the Coobool Creek crania 

Ab s ent 
S l i ght 
Medium 
Marked 

9 * ,  1 0 ,  1 8 ,  4 Ob * ,  4 7 ,  5 0 , 6 5,  6 6,  7 1  , 7 6 
l * ,  1 2 * , 1 3 ,  2 3 , 3 5 , 4 1 ,  4 6 ,  4 9 ,  5 1 , 7 5 , 8 2  
1 6 ,  2 8 ,  2 9 ,  4 5  
3 6 ,  3 7  

* = Fema l e  

exception of this individual, the degree of 
development of the temporal lines in the Coobool 
Creek crania is within the range of the Euston 
series. In both the Coobool Creek and Euston 
samples the temporal lines are more clearly 
demarcated on male, than in female, crania in 
association with broader zygomatic arches, larger 
temporal fossae, and a greater area of attachment 
for the temporal muscles. 

Klaatsch (1908) and Fenner (1939) describe the 
form of the median frontal ridge in Australian 
Aboriginal crania. Fenner noted that in its 
'extreme development it passes up from a strong 
glabella as a prominent rounded ridge on the 
frontal bone, obliterating the supraglabella fossa. 
It may end at bregma or may pass back as a 
prominent ridge on the anterior part of the 
parietal bones' (1939:251)  (Fig.15). The develop­
ment of the median ridge in the Coobool Creek 
frontals was graded relative to the average of the 
combined Euston sample (Table 15). A median 
frontal ridge is present in 17  of the Coobool 
Creek crania, with a maximum development in 
CC37. 

Klaatsch (1908) noted that in the Indonesian 
Pithecanthropus crania the median ridge ended in 
a pronounced raised area of bone anterior to 
bregma, the prebregmatic eminence (Fig.15). A 
prominent prebregmatic eminence is present in 
CC65 (Plate 6) with a moderate development of 
this feature in CC12, 29, 35, 47 and 82 (Plates 1, 2, 
5, 8). A prominent prebregmatic eminence is also 
evident in KS7, Cohuna and Nl and 2. This 
feature will be examined below in the discussion 
on artificial cranial deformation. 

One of the major features distinguishing the 
Coobool Creek and Kow Swamp crania from 
mid-Holocene and recent Murray Valley crania is 
their great supraorbital breadth (Fig.16, Tables 4-
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Box plots of supraorbital dimensions 
in male and female Aboriginal crania 
from Kow Swamp, Coobool Creek, 
Barham, the Murray Valley, Swanport 
and Broadbeach 
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10) .  Mean maximum supraorbital breadth in the 
Coobool Creek male and female samples is sig­
nificantly greater than that in the Murray Valley 
and Swanport series (P = .000). The Coobool 
Creek male mean, while greater than the 
Broadbeach male mean, is not significantly so 
(P = .081) .  There is considerable sex-based 
dimorphism in this dimension in Aboriginal 
crania and the difference between the male and 
female means in each of the samples is significant 
(P = .003-.000). Maximum supraorbital breadth 
in the Coobool Creek sample (129 mm for CC76) 
exceeds the maximum in the comparative series 
(120 mm for Broadbeach), as well as Kow Swamp 
(122 mm for KS7) (Tables 9-10). Supraorbital 
breadths in the male and female mid-Holocene 
Barham sample have median dimensions which 
are the same as the recent Murray Valley series 
and distinct from Coobool Creek and Kow 
Swamp (Fig. 16). 

Larnach and Macintosh (1970) noted that in 
Queensland crania with prominent zygomatic 
trigones the lateral points of supraorbital breadth 
were often located on the projections of the 
trigones rather than on the fronto-malar suture. 
In the 170 northern Victorian crania examined by 
Thome (1975), 72 had the points of maximum 
supraorbital breadth located on the trigone. In 
six of the Coobool Creek male crania (CClO, 16, 
28, 29, 65 and 76) maximum supraorbital breadth 
is located on the trigone (Plate 1 ) .  

The association between maximum supra­
orbital and mm1mum postorbital breadth 
dimensions (Murray Valley males r = 0.64, 
females r = 0.38, pooled sex r = 0.54; Coobool 
Creek males r = 0.84, females r = -0.22, pooled sex 
r = 0.64), with a ratio of 1 . 14-1 .12 :1  in the com­
parative samples, would predict that this great 
supraorbital breadth is supported by broad 
minimum postorbital breadth dimensions at 
Coobool Creek. However, relative to supra­
orbital breadth there is reduced postorbital 
breadth at Coobool Creek (ratio of 1 . 17-1 .14 :1 )  
and their mean minimum postorbital breadth 
dimensions are only significantly greater than the 
Murray Valley males and females (P = .043-.005), 
(Tables 4-8). There is significant sexual 
dimorphism in this dimension in the Murray 
Valley and Swanport samples (P = .01 1-.000) but 
not at Coobool Creek. The maximum value for 
minimum postorbital breadth in the Coobool 
Creek crania (1 10 mm for CC76) equals the 
Broadbeach maximum and both of these exceed 
the Kow Swamp maximum of 106 mm for KS7. 

Thorne and Macumber (1972) indicate that in 
the Kow Swamp crania a poorly filled temporal 
region produces a high degree of postorbital con-

striction. Postorbital constriction can be 
indicated by the difference between maximum 
supraorbital breadth and the minimum post­
orbital diameter, when the latter is taken on the 
fronto-sphenoid suture (Lamach and Macintosh 
1970). An examination of postorbital constriction 
in the Coobool Creek and Murray Valley crania 
indicates that there is no significant difference (P 
= .250) between these populations for this dimen­
sion (Murray Valley males n = 44, x = 21 .7, s = 
3.81; females n = 52, x = 18 .4, s = 3. 14; Coobool 
Creek males n = 9, x = 22.6, s = 2.34). Both the 
Coobool Creek and Kow Swamp maxima for this 
dimension (26 mm for CC28 and 71 and 30 mm 
for KSl ) fall within the Murray Valley male range 
(13-34 mm). Lamach and Macintosh (1970) 
found that there is considerable sexual 
dimorphism in this dimension and this is 
supported by the significant difference between 
the Murray Valley male and female means (P = 
.000). 

The nasal bones 

The Coobool Creek nasal bones are exception­
ally broad and flattened, with the waisted 
appearance typical of Aborigines (Plates 1-2). 
Larnach and Macintosh (1966, 1970) examine the 
breadth of the naso-frontal articulation in 
Aboriginal crania from Queensland and coastal 
New South Wales and divide this dimension into 
three grades: narrow (<10 mm), medium (10-12 
mm) and broad (> 12  mm). Fifty-one of the 234 
crania they examined (22%) were classified as 
broad. In contrast to this, 1 7  of the 20 Coobool 
Creek male crania for which this area is 
preserved (85%) have naso-frontal articulations 
broader than 12 mm . The mean breadth of this 
feature in the Coobool Creek male crania is sig­
nificantly greater than that in the comparative 
Euston series but similar to the Swanport male 
mean (Table 16). Post-depositional damage to 
this region in several of the Coobool Creek 
female crania reduced the size of this sample to 
four with a mean of 1 1 .8 (s = 0.93), which is less 
than that for the Swanport females (x = 13 .2, s = 
1 .79) .  

Broad fronto-nasal articulations are also a 
feature of the Kow Swamp crania, with Thome 
(1975) recording a maximum breadth of 17  mm 
for KS4 and 7. There is complete fusion of the 
intemasal suture in CC49, with partial fusion in 
CC12, 16, 37, 41,  46 and 66. 

The zygomatic bones 

Although relative to some populations (for 
instance Chinese and Europeans) Aboriginal 
crania have relatively small zygomatics, these 
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Table 16 Breadth of the naso-frontal articulation in male crania 
from Coobool Creek, Euston and Swanport (mm) 

n • Min . Max . 

Coobool Creek 
E u s ton 
Swanport 

2 0  1 3 . 3  
2 7  1 2 . 1  
2 2  1 3 . 4 

2 . 0 7 
2 . 0 3 
2 . 2 6  

8 . 6  
8 . 3  
7 . 0  

1 6 . 5  
1 5 . 1  
1 7 . 0  

Table 17 Zygomatic depth in male crania from Coobool 
Creek, Euston and Swanport (mm) 

n • Min . Max . 

Coobool Creek 
Eus ton 
Swan port 

1 5  2 6 . 1 
3 0  2 0 . 8  
2 2  2 1 . 7 

2 . 5 7 
2 . 2 1 
2 . 0 1 

2 3 . 0  
1 7 . 0  
1 8 . 0 

3 1 . 0 
2 4 . 5  
2 5 . 0  

Table 18 Malar tuberosity size in the Coobool Creek crania 

Cla s s  1 
Cla s s  2 
Cla s s  3 

1 * ,  2 * ,  5 , 7 * ,  9 * , 2 8 ,  4 7 * ,  5 0 * , 8 2  
1 3 ,  1 8 * , 2 3 , 3 5 , 4 0 ,  4 0b , 4 1 ,  4 5 , 4 9 ,  7 1  
1 0 ,  1 6 ,  2 9 ,  3 6 ,  3 7 '  4 6 ,  5 1 ,  6 5 , 6 6 ,  7 5 ,  7 6  

* = Fema l e  

smaller bones are generally more robust. Within 
the recent Aboriginal range of variation the 
Coobool Creek zygomatic bones are distinct. 
They are typically extremely deep and robust 
structures, with prominent malar tuberosities 
and massive thickened frontal processes (Plates 
1-8). Zygomatic depth (the minimum distance 
between zygomaxillare and the inferior margin 
of the orbit) in the Coobool Creek male crania is 
significantly greater (P = .000) than the means for 
the Euston and Swanport males (Table 17). 
Zygomatic depth in 1 1  of the 15 Coobool Creek 
male crania for which this dimension is 
preserved exceeds the Euston maximum, with a 
maximum of 31 mm (CC49:Plate 2) for this 
dimension in the Coobool Creek series. 

The most prominent feature on the lateral 
surface of the zygomatic bone is the malar 
tuberosity (Fig.17) .  Fenner (1939:276) found that 
in Aboriginal crania 'the malar tuberosity takes 
the form of a prominent ridge on the malar 
surface of the bone running parallel with the 
inferior border' . All of the malar tuberosities in 
the reconstructed Coobool Creek crania are of 
this form. Thorne and Wolpoff (1981) add malar 
tuberosities to their list of morphological 
features, indicating evolutionary continuity 
between mid-Pleistocene populations in 
Indonesia and later populations in Australia. 
However, malar tuberosities are equally common 
in several populations from outside the 

Australasian region (northern Chinese, Romano­
British and western European). 

There is considerable sex-based dimorphism 
in the prominence of the malar tuberosity in 
recent Aboriginal crania (Fenner 1939; Larnach 
and Freedman 1964; Brown 1981a) and a similar 
degree of dimorphism is present in the Coobool 
Creek series. The malar tuberosities were graded 
using the procedure developed by Larnach and 
Freedman (1964), with reference casts of their 
Class 2 limits. Fifty-eight per cent of the Coobool 
Creek male crania have large (Class 3) malar 
tuberosities (Table 18). 

Variation in the size and depth of the 
masseteric attachment on the inferior border of 
the zygomatic bones is great. Although the 
fossae are often deep, broad and long, they are 
generally less rugose than the most rugged fossae 
in the Euston males. However, the actual area of 
attachment in the Coobool Creek crania is 
probably larger than that in the Euston series due 
to the great breadth of the inferior border of the 
bone. There is no apparent sex-based 
dimorphism in the development of the 
masseteric fossae in the Coobool Creek series as 
deep fossae are present in both male and female 
crania. In CC37 the inferior border of the 
zygomatic bones are particularly thickened, with 
deep and rugose fossae. 

Medially the masseteric fossa is bordered by 
the maxillomalar suture (Fig.17). The inferior 
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Figure 17 Facial skeleton in an adult male Aboriginal cranium 

border of this suture protrudes in 20 of the 
Coobool Creek crania forming a tubercle of 
varied development. Superiorly the middle third 
of the maxillomalar suture lies in a pronounced 
depression. Thorne (1975 :11 1 )  noted that this 
depression is produced by a thickening of the 
orbital border above and by an abrupt rise of the 
malar tuberosity posteriorly. 

A distinctive feature of the zygomatic bones 
in the Coobool Creek, Kow Swamp and Nacurrie 
crania is the size and morphology of the frontal 
process. These form broad and thickened struc­
tures with extremely pronounced marginal 
processes (Fig.17) .  The marginal processes flare 
posteriorly and form a raised globular area 
(analogous to the zygomatic trigone) below the 
fronto-malar suture. The maximum size of this 
process in the Coobool Creek and Kow Swamp 
crania exceeds the Euston series. The maximum 
development of this feature in the Coobool Creek 
crania is in the males CC37, 49, 65 and 76, with 
minimal development in the female CCl (Plates 
1, 6, 8). The maximum breadth of the marginal 
process in the Coobool Creek series ranges from 
12-23 mm, with a range of 12-19 mm at Kow 
Swamp. 

The orbits 

Fenner (1939:269) noted that 'the great 
cavernous orbits beneath over-hanging brows are 
one of the most striking features of the Australian 
facial skeleton' . He recorded variation in shape, 
from a low straight-sided rectangular form to an 
almost circular condition, and in the axis of 
orientation. There is some variation in the form 
of the orbit in the Coobool Creek crania, but the 
predominant shape is a narrow rectangle with a 
horizontal to slightly oblique orientation (CC12, 
13, 16, 28, 36, 37, 49, 65, 75 and 76) (Plates 1-2). 
Larger, more rounded orbits with a taller lateral 
margin are found in CCl, 9, 23, 38, 45, 50, 51 and 
66 (Plates 1-2). 

Orbital height in the Coobool Creek males is 
at the lower end of the Australian range, with a 
significant difference between the Coobool Creek 
mean and the means for the Swanport and 
Broadbeach males (Table 8, Fig.18). It is the 
shallow rectangular orbits of these male crania, 
set above relatively massive malars, which is one 
of the more striking features of the Coobool 
Creek facial skeletons. Box plots of orbital height 
in the male samples display a reversal of the 
position normally occupied by Coobool Creek in 
comparisons of cranial dimensions. Orbital 
height is at a minimum at Coobool Creek, while 
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Figure 18 Box plots of orbital height dimensions in male and female Aboriginal crania from Kow Swamp, 
Coobool Creek, Barham, the Murray Valley, Swanport and Broadbeach 

Barham and the recent samples all tend to have 
increased orbital height (Fig.18) .  These broad 
and shallow orbits are also a feature of the Kow 
Swamp male and female crania (Table 9), 
however, the Coobool Creek females have 
higher, more rounded, orbits. 

The orbital indices indicate that all of the 
Australian samples, male and female, have orbits 
which are extremely broad in relation to their 
height (chamaeconchy). There is no significant 
difference in mean orbital breadth between the 
male samples, although, the Coobool Creek 
female mean is significantly greater (P = .038-
.005) than the comparative female means (Table 
8). A comparison of the male and female orbital 
dimensions (Tables 4-8) indicate dimorphism in 
both shape and size. Female orbits have greater 
height in relation to their breadth and are more 
circular in form. With the exception of Coobool 
Creek, male mean values for both height and 
breadth are greater than those for females drawn 
from the same population. 

The maxillae 

A combination of large size, deep and prog­
nathic subnasal region, prominent canine 
eminence, extreme alveolar breadth and great 
nasal breadth, makes the maxillae from Coobool 
Creek and Kow Swamp distinct from recent, and 
mid-Holocene, Aboriginal crania. 

The mean height of the subnasal region 
(nasospinale-prosthion) in the Coobool Creek 
male and female crania is significantly greater (P 
= .003-.000) than that for the corresponding sexes 
in the Swanport and Broadbeach samples, but 
not significantly greater than the Murray Valley 
(P = .791-.726). A large and prognathic subnasal 
area is a regional feature of recent crania from the 

central Murray Valley, differentiating them from 
other Aboriginal populations. A deep and robust 
subnasal region is also found in most of the 
terminal Pleistocene and early Holocene crania 
from the central Murray Valley (Nacurrie, 
Cohuna and Kow Swamp), as well as dis­
tinguishing more recent crania from the same 
geographic area (Tables 8-10). The significant 
difference between the male and female means 
for subnasal height in the Murray Valley sample 
(P = .OOO) is not shared by either the Swanport (P 
= .998) or Coobool Creek samples (P = . 142). 

Subnasal prognathism was graded using casts 
of the limits of the medium grade defined by 
Larnach and Macintosh (1966:32) (Table 19). 
Great subnasal prognathism clearly distinguishes 
the Coobool Creek male and female crania from 
Lamach and Macintosh's coastal New South 
Wales and Queensland series, in which 27.0% 
and 25.7% respectively were classed as large. 
Thirty-seven per cent of the comparative Euston 
series, 35% of the males and 39% of the females, 
conform to Larnach and Macintosh's large-grade 
subnasal prognathism. The large size of the 
canine roots in the Coobool Creek crania produce 
long and prominent canine eminences, extending 
to within a few millimetres of the lateral margins 
of the nasal aperture. A combined eminence is 
formed by the bulging canine and first premolar 
roots in CC71, with a deep fossae anterior of the 
canine roots (Plate 7). 

Following the method of Larnach and 
Macintosh (1966:31-32), the depth of the infra­
orbital fossae was measured with coordinate 
calipers (Table 20). In only one individual 
(CC71) can the fossae be classified as deep 
according to Larnach and Macintosh's criteria. 

There is some variability in the form of the 
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Figure 19 Palate shape variation at Coobool Creek 
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Table 19 Subnasal prognathism in the Coobool Creek crania 

1 3 ,  2 9 ,  6 5  

Abs ent 
Sma l l  
Medium 
Large l * , 9 * ,  1 2 * , 1 6 ,  2 8 , 3 7 , 4 0 ,  4 1 , 4 5 , 4 6 ,  4 9 ,  6 6 ,  7 1 , 8 1  

* = Fema l e  

Table 20 Depth of infraorbital fossae in the Coobool Creek crania (mm) 

Ab s ent 
S l i ght 
Medium 
Deep 

( 0 - 2 . 9 )  
( 3 - 5 .  9 )  
( 6 - 7 . 9 )  
( 8 - 9 . 9 )  
( > 1 0 )  

1 3 ,  2 8 ,  2 9 ,  3 7 ,  4 5 ,  4 6 ,  4 9 ,  6 5  
1 6 ,  4 5 ,  6 6  
7 1  

Very deep 

Table 21 Location of points of maximum alveolar breadth in the Coobool 
Creek crania 

D i s t obu c c a l  root Ml 
Mes iobu c c a l  root M2 
D i s tobu c c a l  root M2 
Me s iobu c c a l  root M3 

1 2 * , 3 7 , 4 7 , 6 5 , 6 6  
1 3 ,  2 3 * , 4 1  
l * , 1 6 ,  2 9 ,  3 8 ,  4 0' ,  4 5 ,  4 9' , 5 0 ,  7 5  
9 * , 2 8 ,  3 6 ,  7 1  

* = Fema l e  

palate in the Coobool Creek series (Fig. 19). In 
general, as you move distally the tooth rows 
continue to diverge laterally until the second 
molar is reached, however, maximum alveolar 
breadth may also be located in a more posterior 
position. The post-canine teeth may be in 
relatively straight alignment or form part of a 
continuously curved arcade with the anterior 
teeth. Irrespective of palate shape, great alveolar 
breadth dominates throughout. This great 
breadth is evident both anteriorly (bicanine 
breadth) and posteriorly. Both in bicanine 
breadth and maximum alveolar breadth the 
Coobool Creek male and female mean dimen­
sions are significantly greater (P = .027-.000) than 
those in the comparative samples (Table 8). 
Maximum alveolar breadth dimensions in the 
Coobool Creek males (83 mm for CC71) and 
females (72 mm for CCSO) exceed the maxima at 
Kow Swamp (73 mm for male KS1 and 69 mm 
for female KS15) and in the recent samples 
(Murray Valley male 77 mm and female 70 mm). 
Although there has been a reduction in absolute 
dimensions, relatively great alveolar breadth 
appears to have been a distinctive feature of 
Aboriginal populations in the central Murray 
Valley region since the terminal Pleistocene 
(Brown 1981a, 1987a). 

Within the Coobool Creek series the position 
of maximum alveolar breadth is, in each instance, 

located posterior to the mesiobuccal root of the 
first molar and most frequently adjacent to the 
distobuccal root of the second molar (Table 21) .  
In aged individuals the net result of occlusal and 
interproximal tooth wear and mesial migration 
(Murphy 1964) result in the third molars moving 
closer to, and eventually occupying, the position 
adjacent to the points of maximum alveolar 
breadth. 

Although both the Coobool Creek and Kow 
Swamp crania are distinguished by their great 
alveolar breadth, this is not reflected in similarly 
great alveolar length. The increased area of 
alveolar bone necessary to support a large denti­
tion is accomplished with a lateral, rather than an 
anteroposterior extension of the alveolar process. 
Alveolar length in the Coobool Creek sample, 
while towards the upper end of the Australian 
range and significantly greater than that in 
Swanport and Broadbeach (P = .008-.001 ) is not 
significantly greater than the recent Murray 
Valley sample (Table 8). There is marked sexual 
dimorphism in Aboriginal palate size (Lamach 
and Freedman 1964; Brown 1981a), with signifi­
cant differences between the male and female 
mean palate modules in the Coobool Creek, 
Murray Valley and Swanport samples (P = .001-
.000). Box plots of the palate module results 
reveal the large size of the Coobool Creek male 
and female palates, with the next closest group 
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Figure 20 Box plots of palate module dimensions in male and female Aboriginal crania from Kow Swamp, 
Coobool Creek, Barham, the Murray Valley, Swanport and Broadbeach 

being the recent Murray Valley series (Fig.20) . 
Postmortem damage combined with the alveolar 
destruction associated with acute tooth wear 
excluded the Kow Swamp males from this com­
parison, while the female KS15 falls within the 
central 50% of the Coobool Creek female distri­
bution. Both Cohuna (Palate module 49.6) and 
Keilor (Palate module 45.4) have relatively large 
palates which fall within the upper part of the 
recent Murray Valley range. 

The form of the palatal walls in the Coobool 
Creek crania vary from nearly vertical in those 
crania with high, arched palates (CC16, 29, 41,  45, 
46, 49 and 82) to a gradually sloping smooth 
curve where the palates are relatively shallow 
(CC65 and 66). Other palates are intermediate. 
Medially, slight elevations of the palatine 
processes are evident in 19 of the reconstructed 
crania. Campbell (1925:44) subdivided these 
elevations into four forms of palatine tori, and 
noted that 'it is somewhat doubtful whether in 
some cases this elevation is worthy of the title 
torus' . Most frequently the 'torus' in the Coobool 
Creek crania is represented by a small triangular 
boss occupying the midline of the horizontal 
plates of the palate �ne (to�us pala�nus 
medianus). The seven median maxillary ton are 
of only moderate development, with maximum 
development in CC46 (Table 22). 

Facial size and prognathism 

The male crania from Coobool Creek have a 
mean upper facial height dimension (nasion­
prosthion) which is significantly greater (P = 

.OOO) than each of the comparative male samples 
(Table 8). Great upper facial height is also found 
in the male crania from Kow Swamp (n = 3, x = 
77.0, s = 2.31,  r = 73-81 mm) and Cohuna (75 
mm), however, it is not a feature of the mid­
Holocene Barham series (n = 4, x = 67.8, s = 2.63, 
r = 65-70 mm) (Table 9). Mean upper facial 
height in the Coobool Creek females is signifi­
cantly greater than the Murray Valley females (P 
= .013), but is not significantly greater than 
Swanport (Table 8). 

A striking feature of the Coobool Creek crania 
is their great maximum midfacial breadth 
(bizygion) (Plates 1-2). It is unfortunate �hat t�s 
variable, which appears to be a maior dis­
criminator between Pleistocene and modern 
samples, is so poorly preserved in the 
Broadbeach and Kow Swamp crania. Mean 
bizygion breadth in the Coobool Creek male 
sample is significantly greater than the Murray 
Valley and Swanport means (P = .001), with the 
Coobool Creek male maximum (150 mm for 
CC49) exceeding the maximum in the com­
parative crania (146 mm for the Murray Valley). 
Bizygion breadth is not preserved in the Kow 

Table 22 Form of palatine torus in the Coobool Creek crania 

Median max i l l a ry t o ru s  
Median pa l a t i n e  t o r u s  
T ra n s ve r s e  p a l a t i n e  t o ru s 
T ra n s ve r s e  p a l a t i n e  c r i s t a  

1 3 ,  3 5 ,  4 1 ,  4 6 ,  5 1 ,  7 1 ,  8 2  
9 * ,  1 0 ,  1 6 ,  2 9 ,  3 7 ,  4 0 ,  4 5 ,  6 6  

* = Fema l e  



Swamp or Barham crania, although an estimate 
of 144 mm for KSl should be close to the pre­
depositional condition (Table 10). The mid­
Holocene cranium from Lake Nitchie has a mid­
facial breadth which equals the Coobool Creek 
maximum (Table 10). 

Damage to the basioccipital area in the Kow 
Swamp crania prevents the calculation of the 
standard gnathic index for these crania. Thorne 
and Wolpoff (1981:344) examined facial prog­
nathism in this material using a midline projec­
tion of auriculare as the base point. Data for the 
three Kow Swamp crania in which this index 
could be recorded were all above a recent 
Murray Valley mean, but within the range. 
Comparisons of the gnathic indices in this 
analysis (Table 8, Fig.21)  indicate that the Murray 
Valley, Coobool Creek and Swanport crania are 
more prognathic than the Broadbeach crania (P = 
.005). There are, however, no significant 
differences between the gnathic indices of the 
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Figure 21 Box plots of gnathic index dimensions 
in male and female Aboriginal crania 
from Coobool Creek, Barham, the 
Murray Valley, Swanport and Broad-
beach 
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three southern Australian samples (P = .808-.139). 
Unlike the Murray Valley populations there is 
little subnasal prognathism at Broadbeach and 
the dimension basion-prosthion is reduced 
relative to basion-nasion, resulting in a low 
gnathic index. The two Barham crania in which 
this index can be recorded have oro-gnathic facial 
skeletons, while Cohuna with a gnathic index of 
105.7 is relatively prognathic (Table 9). 

In a roentographic study of prognathism in 
the Walbiri of Yuendumu, Barrett et al. (1963b) 
demonstrated a significant level of sexual 
dimorphism for this index (P = .001) .  Females 
were more prognathic than males. As there is no 
significant difference between the male and 
female mean gnathic indices in this analysis (P = 
.469-.252) (Table 4), there is a possibility of 
regional variation in dimorphism for this feature. 

Parietal bones 

These bones display considerable variation, 
both in size and morphology, in the Coobool 
Creek sample. A principal area of variation is the 
sagittal curvature of the parietals when viewed 
laterally (Plates 3-8). This and several other 
features which may have been the result of cul­
tural practice will be discussed in the section 
dealing with artificial cranial deformation. 

The Coobool Creek cranial vaults are 
extremely broad, with a mean maximum bi­
parietal breadth in males and females which is 
significantly greater than the mean dimensions 
for the comparative samples (P = .001-.000) 
(Table 8, Fig.22). The maximum biparietal 
breadth of the Coobool Creek crania (145 mm for 
CC49) exceeds the maximum for the Murray 
Valley (143 mm) and Kow Swamp series (139 
mm for KS5). There is a high degree of sexual 
dimorphism for this dimension, with a signifi­
cant difference between the male and female 
means at Coobool Creek, Murray Valley and 
Swanport (P = .019-.001 ) (Tables 4-6). 

In common with recent Aboriginal crania, the 
points of maximum cranial breadth in the 
Coobool Creek crania are not always located on 
the parietals (Table 23). In those crania with 
prominent parietal eminences (bosses) the most 
lateral point on the neurocranium is usually 
located on some part of the eminence. In six of 
the Coobool Creek crania, maximum cranial 
breadth (excluding the zygomatic arch) is located 
inferiorly, either on the supramastoid crests or on 
the most lateral points of the mastoid processes. 

Following Lamach (1976), the height of the 
parietal eminences were measured with co­
ordinate calipers and graded according to the 
categories he defined (Table 24). High conical 
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Table 23 Location of points of maximum cranial 
breadth in the Coobool Creek crania 

P a rieta l eminence 
Squamou s p a r i et a l  
S quamou s t e mporal 
Suprama s t o i d  c r e s t  
Ma s t o i d  c r e s t  

1 * ,  2 9 ,  4 1 ,  6 6  
9 * '  2 8 ,  4 5 , 4 6 , 7 1  
1 3  
1 2 * , 4 9 ,  6 5  
1 6 ,  3 7 ,  7 6  

* Fema l e  

Table 24 Development of parietal eminences in the Coobool Creek crania (mm) 

1 2 * , 2 8  Very s l i ght 
S l i ght 
Medium 
Marked 
Great 

( < 2 2 )  
( 2 2 -2 4 )  
( 2 5 -2 6 )  
( 2 7 - 3 0 )  

9 * ,  1 0 ,  2 3 ,  3 6 ,  3 7 ,  3 8 * , 4 7 * ,  5 1 ,  7 6  
1 3 , 1 6 , 4 6 , 4 9 ,  5 0 ,  6 5 ,  7 1  
1 * ,  2 9 ,  3 5 ,  4 5 ,  6 6 , 7 5 , 8 2  

'E _g 
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( > 3 0 )  4 1  

* = Fema l e  

E3 

KS CC BA MV SW BB 
Group 

'E _g 
140 

'5 130 
'O "' CJ 

.... 
..a 

110  

Female 

* 8 * 
l 

* 
* 

* 
* 

CC BA MV SW BB 
Group 

Figure 22 Box plots of maximum biparietal breadth dimensions in male and female Aboriginal crania from 
Kow Swamp, Coobool Creek, Barham, the Murray Valley, Swanport and Broadbeach 

bosses are present in several of the Coobool 
Creek crania, with a maximum height of 31 mm 
in CC41 . A comparison of these data with that 
for the Euston males indicates that the parietal 
eminence attains a significantly greater mean 
height in the Coobool Creek sample (Coobool 
Creek males n = 20, x = 25.6, s =3.09; Euston 
males n = 30, x = 22.9, s = 3 .14; t = 3 .03, P = .010). 
Although some of the Coobool Creek crania 
which I suspect have been artificially deformed 
(CCl, 29, 35, 41, 66 and 82) have 'marked' to 
'great' development of their parietal eminences, I 
am uncertain of the influence that the deforma­
tion process has had on this feature. Prominent 
parietal eminences are also a feature of CC45 
which shows no evidence of being artificially 
deformed. It is possible that artificially deform­
ing the shape of children's crania accentuates the 
development of the parietal eminences, but these 

data also indicate that there is a genetic 
component to the prominent eminences in the 
Coobool Creek sample. 

A low, triangular, mound-like elevation of 
bone, bordered anteriorly by the coronal suture, 
is present in the midline of several of the Coobool 
Creek parietals. This elevation of bone is a 
posterior continuation of the frontal median 
ridge and prebregmatic eminence. This feature is 
particularly prominent in CC29, 37 and Nl . 
Viewed from above, the combined prebregmatic 
and postbregmatic eminence, which is centred on 
bregma, has the form of an extended diamond. 
Slight parasagittal depressions border these 
elevations in CC29, 41 and 66. 

The inferior and superior temporal lines are 
visible, although in some instances faintly, in all 
of the reconstructed crania. On the frontal bones 
these lines curve sharply downwards in the area 



of the coronal suture, and then curve upwards in 
the anterior third of the parietals before 
descending towards the lambdoid suture. 
Posteriorly the superior temporal lines form a 
pronounced ridge in several of the male crania, 
immediately anterior to the lambdoid suture 
(CC16, 28, 36, 41 ,  45, 46, 49, 65 and 75) .  In CC16 
the great elevation of the superior temporal lines 
produces a strong torus which moves down to, 
and along, the lambdoid suture before con­
tinuing down the lateral surface of the mastoid 
process. Cohuna and the male Kow Swamp 
crania also have relatively prominent develop­
ment of the posterior third of the temporal lines. 

Temporal bones 

The external auditory meatus in the Coobool 
Creek crania take the form of a deep and broad 
oval. Small bilateral auditory exotoses are 
present in three of the 26 crania ( 1 1 .5%) where 
the auditory meatus is preserved (CClO, 16 and 
29). Roche (1964) recorded auditory exotoses in 
27.8% of a Murray Valley sample. Auditory 
exotoses are not present in the Kow Swamp, 
Cohuna or Nacurrie crania. 

In the majority of the reconstructed crania 
there is some damage to the superior margin of 
the squamous portion of the temporal bones. 
Partial fusion of the temporoparietal suture is 
evident in two individuals. There is bilateral 
fusion of the posterior half of the suture in CC13. 
In CClO there is almost complete fusion of the 
left suture while the right suture remains com­
pletely open. A marked lateral bulging of the 
vault in the area of the temporoparietal suture is 
found in CC9, 10, 35, 46 and 65. 

The zygoma tic processes of the temporal 
bones are robust, with the posterior margin of the 
zygoma extending into the suprameatal crest, 
which is itself continuous with the supramastoid 
crest. In common with recent Aboriginal crania 
there is pronounced sexual dimorphism in the 
development of the supramastoid and mastoid 
crests. These features are more pronounced in 
males, with the development of the supramastoid 
crest in CC76 exceeding that in the other 
Australian samples (Plate 8). The supramastoid 
crest is defined superiorly by a shallow to deep 
squamous temporal fossa (Larnach and 
Macintosh 1970). This fossa, which may extend 
upward and forward onto the parietals (CC16), 
generally proceeds anteriorly and inferiorly into 
the temporal fossa. It is pronounced in CC16, 49, 
65 and 76. 

Medially the glenoid fossae are broad and 
high, with prominent articular eminences. The 
eminence is slightly flattened in CC16, 28, 66 and 
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71 and there is evidence of slightly more 
pronounced arthritic damage, with vascular 
proliferation and remodelling of the bone 
surface, in CC36, 75 and 82. However, in com­
parison to the mid-Holocene (Barham and 
Roonka) and recent (Swanport and Murray 
Valley) crania from southeastern Australia, with 
similar levels of tooth wear, there is surprisingly 
little evidence of temporomandibular joint dys­
function. There is certainly nothing approaching 
the extreme arthritic damage, in some instances 
with ebonation, which is common at Swanport. 
The glenoid fossae in the Kow Swamp and 
Cohuna crania are broad and deep, with a 
prominent rounded eminence, while Nl has 
extensive arthritic remodelling of the left fossae 
and eminence (the only side preserved). 

The depth of the Coobool Creek glenoid 
fossae were measured using the procedure 
developed by Larnach and Macintosh (1966:41) .  
Lamach and Macintosh (1970) report a mean 
depth of 6.8 mm for male crania from coastal 
New South Wales and 5.7 mm for Queensland 
males. The Coobool Creek male mean is 7. 1 mm, 
with a maximum depth of 8.5 mm for CC71 
(Coobool Creek males n = 19, x = 7.1, s = 0.83, r = 

5.1-8.5 mm). A comparison of the Coobool Creek 
data with the graded data of Lamach and 
Macintosh (1966, 1970) indicates the great depth 
of the fossae in the Coobool Creek series (Table 
25). 

A regional characteristic of Aboriginal crania 
from the Murray Valley is the large size of the 
mastoid processes (Brown 1981a). There is con­
siderable sexual dimorphism in the size of the 
mastoid process in Aboriginal crania, with sig­
nificant differences between the male and female 
means for mastoid depth (height) in each of the 
samples used in this analysis (P = .002-.000) 
(Tables 4-6). The Coobool Creek male mastoid 
processes are long and robust, with prominent 
mastoid crests (Plates 3-8). Although the mean 
depth of the mastoids in this sample exceeds that 
in the comparative series, this is statistically sig­
nificant only in comparison with the Swanport 
males and females (P = .007-.003) (Table 8). The 
maximum depth of the Coobool Creek mastoids 
(37 mm for CC49) exceeds the range of the com­
parative series (36 mm for the Murray Valley and 
Swanport males). A slight to prominent mastoid 
crest is present on all of the complete Coobool 
Creek mastoid processes. 

Medial to the mastoid process, the digastric 
fossae are varied in length, depth and breadth. 
Extremely broad and deep fossae are found in 
CClO, 16, 65 and 71, with shallow and short 
fossae in CC46 and 66. The maximum develop-
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Table 25 Depth of glenoid fossae in male and female Aboriginal crania (mm) 

Sha l l ow 
Medium 
Deep 

( 0 - 5 .  0 )  
( 5 . 1 - 7 .  0 )  

( > 7 . 0 ) 

New 
South 
Walea l Queenaland2 

% % 

1 9 . 0 
5 6 . 9 
2 4 . 1  

2 9 .  4 
5 8 . 8  
1 1 . 8 

1 L a r n a ch a n d  Mac i n t o sh ( 1 9 6 6 )  
2 L a r n a ch and Ma c i nt o sh ( 1 9 7 0 )  

ment of the fossae in the Coobool Creek crania 
exceeds that in the comparative Euston series. 
There is considerable asymmetry in the 
development of this area in both the Coobool 
Creek and Euston samples. 

Occipital bone 

There is a great deal of variation in the size 
and morphology of the Coobool Creek occipital 
bones. In particular, the angle formed by the 
nuchal and occipital planes, when viewed from a 
lateral aspect, exceeds the variation in the com­
parative samples (Plates 3-8) .  Specific aspects of 
this variation may be the result of artificial 
cranial deformation and these features will be 
discussed in the section dealing with this topic. 

Both the male and female Coobool Creek 
occipital bones are of large size, but with a few 
notable exceptions, are not exceptionally robust 
structures. Mean length of the occipital (basion­
lambda) is significantly greater in Coobool Creek 
males and females than in the respective sexes 
from the Murray Valley, Swanport and 
Broadbeach samples (Table 8, Fig.23). Although 
the Coobool Creek male occipitals are extremely 
long, this is not matched by marked biasterionic 
breadth. The Coobool Creek females, however, 
have a mean biasterionic breadth which is sig­
nificantly greater than the Murray Valley and 
Swanport females (P = .051-.033) (Table 8). 

The dominating feature of the posterior 
surface of the occipital bone is the occipital torus. 
This torus is of varied development and, with the 
exception of the three male crania (CC37, 45 and 
76), does not attain the prominence evident in 
some of the Euston male crania. The size of the 
torus varies from completely absent in the gracile 
female CCl, to small to medium in 23 individuals 
and large in CC37, 45 and 76. In all but three of 
the male crania (CC29, 35 and 66) the torus is 
ridge-shaped. Mound-shaped tori are found in 
the female crania, plus the males CC29, 35 and 
66. The torus extends to, and is bilaterally con­
tinuous with, the mastoid crest in CC16, 28, 37 
and 46. In two individuals (CC41 and 45) the 
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torus terminates in the occipito-mastoid ridge 
and in the remaining crania reaches the occipito- _ 

mastoid suture. Thome (1975:120-21 )  found that 
in five of the Kow Swamp crania (KS5, 7, 8, 9 and 
14) the torus is continuous with the mastoid 
crest. 

Superior to the torus is a slight furrow, the 
supratoral sulcus, which separates the occipital 
torus from the occipital plane (Lamach and 
Macintosh 1966). This feature is absent in four of 
the Coobool Creek crania (CCl, 9, 12 and 49), of 
which CC49 is male. Two individuals (CC37 and 
45 :Plate 5) have deep, distinctive furrows while 
in the remaining crania the sulcus is slight to 
moderate in development. When viewed 
laterally there may be a slight to prominent 
elevation of the triangular apex of the occipital 
bone relative to the posterior surface of the 
parietals. A slight elevation is present in CC9, 13, 
28, 29 and 45, with greater elevation in CC41 and 
66 (Plate 7). In the last two crania this elevation 
forms a pronounced eminence between the 
lambdoid suture and the occipital torus. 

Inferior to the occipital torus the fossae 
associated with the origins of the major nuchal 
muscles display some sex-based variation, with 
shallow to indistinct fossae in the female crania. 
However, shallow fossae also feature in several 
of the male crania (CClO, 13, 29 and 66). Com­
parisons with the Euston male sample indicate 
that the average size and depth of the nuchal 
fossae is reduced in the Coobool Creek males. 
Deep, sharply delineated fossae are present in 
only four of the Coobool Creek crania (CC16, 28, 
37 and 45). 

The foramen magnum is of varied morphology, 
although it commonly has the form of a broad 
elongated oval, often tapering at the posterior 
end. Comparative dimensions of this foramen 
were recorded for the Coobool Creek and 
Murray Valley samples (Table 26). The Coobool 
Creek foramina have a greater mean length than 
those in the Murray Valley samples, with a sig­
nificant difference between the female mean 
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values. There is a significant level of sexual 
dimorphism in the length (t = 4.37, P = 0.000) and 
breadth (t = 2.25, P = 0.027) of the foramen in the 
Murray Valley sample which is not repeated at 
Coobool Creek. The Coobool Creek occipital 
condyles are long, broad and high, with some 
asymmetrical variation. Bilateral double-faceted 
condyles are found in CClO, while all the 
remaining condyles are single. 

A broad and symmetrical inca bone is present 
in CC49. This bone has a maximum breadth of 
102 mm and length of 65 mm, with the lateral 
projections of the bone extending to within 7 mm 
of asterion. Lamach and Macintosh (1966, 1970) 
found only one inca bone in the 230 crania from 
coastal New South Wales and Queensland which 
they examined. Supernumerary bones in the 
remaining crania are restricted to small to large 
lambdoid bones (CC9 and 29 left and right sides, 
CC35 and 37 left side, CC66 right side and CC38 
medial and left side). In CC9 there is a large 
lambdoid bone on the right side. Probably as a 
function of the abnormal ossification in this area, 
there is asymmetrical development of the 
occipital, with a bulging right side. 

Cranial vault thickness 

Comparisons of terminal Pleistocene and 
Holocene Aboriginal skeletal series have high­
lighted the reduction in size of the cranial vault, 
oro-facial skeleton, and dentition which has 
occurred over the last 13,000 years (Thome 1976; 
Thorne and Wilson 1977; Brown 1987a). In terms 
of the osteological and dental features affected, 
this structural reduction is similar to that 
reported from other parts of the world during the 
same time period (Brace and Mahler 1971; Frayer, 
1984; Carlson and Van Gervan 1977; Smith et al. 
1986; Calcagno 1986; Forrnicola 1987; Kennedy et 
al. 1987). In both the Near East (Smith et al. 1985) 
and Australia (Thorne 1976; Brown et al. 1979) 
one aspect of this reduction in hard tissue mass 
involves the thickness of the bones within the 
cranial vault. Recently I examined cranial-vault 

Table 26 Len� and breadth of foramen magnum in male and female crania from 
Coo ol Creek and the Murray Valley (mm) 

Student ' s  P roba-
n x II t bil ity 

Len gth 
Coobo ol Creek ma l e s  1 7  3 7 . 1  2 . 0 8 
Murray Va l l ey ma l e s  4 3  3 6 . 1 1 .  7 0  1 .  9 2  0 . 0 6 0  

Coobool Creek fema l e s  6 3 7 . 3  2 . 3 3  
Mu rray Va l l ey fema l e s  4 8  3 4 . 2  2 . 2 1  3 . 1 6 0 . 0 0 3 

Brea dth 
Coobool Creek mal e s  1 6  3 1 . 0 2 . 4 7 
Murray Va l l ey mal e s  4 4  3 0 . 4  2 . 3 7 0 . 8 1 0 . 4 2 1  

Coobool Creek fema l e s  6 3 0 . 1  1 .  4 7  
Mu rray Va l l ey fema l e s  4 8  2 9 . 3  2 . 1 3 0 . 8 8 0 . 3 8 3  
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thickness in all of the available terminal 
Pleistocene skeletal material from Australia 
(Brown 1987a) . However, the absence of a well­
dated mid-Holocene sample and comparative 
data from other Australian populations restricted 
the scope of the analysis. 

Although the thickness of the bones within 
the cranial vault has been argued to distinguish 
between anatomically modern Homo sapiens and 
other species of the genus Homo (Stringer and 
Andrews 1988), and thickened cranial vault 
bones are an often repeated characteristic for 
Homo erectus (Weidenreich 1943; Sartono 1968; 
Chiu et al. 1973; Jacob 1976; Howells 1980), a sur­
prisingly small amount of comparable data has 
been published. Todd (1924) recorded cranial 
vault thickness in a large series of sectioned male 
white crania, and using radiographic 
cephalometry, Roche (1953), Young (1957), 
Hansman (1966) and Brown et al. (1979) provide 
data on postnatal changes in European and 
Aboriginal crania. Sexual dimorphism in vault­
thickness dimensions is examined by Adeloye et 
al. (1975) for American Blacks and Whites, Brown 
et al. ( 1979) and Brown (1987a, 1987b) for 
Aborigines and Smith et al. (1986) for a Near 
Eastern series. In addition both Smith et al. (1986) 
and Brown (1987a) document a post-Pleistocene 
reduction in cranial vault thickness. As Brown et 
al. (1979) point out, direct comparison of these 
data is complicated by differences in measure­
ment technique, measurement sites and failure to 
compensate for radiographic enlargement in 
some studies. To a large degree the conflicting 
results over sexual dimorphism and age-related 
changes contained within the published litera­
ture probably arise from these differences in 
investigative approach. 

Following Brown et al. (1979), cranial-vault 
thickness in the Coobool Creek series was 
initially determined using tracings from 
standardised lateral radiographs (Brown 1982). 
Subsequently, I examined the accuracy of this 
form of measurement by comparing data tran­
scribed from radiographs with those obtained 
through direct measurement (Brown 1987a, 
1987b). Using the Coobool Creek sample a 
surprisingly low level of correlation (r = 0.49-
0.67) was obtained, with significant differences 
between the two sets of means indicated by 
Student's t. The mean dimensions recorded from 
radiographs were consistently lower than those 
obtained through direct measurement. Therefore 
those data used in my PhD thesis were inaccurate 
and they have been replaced in this analysis with 
those obtained through direct measurement. 

Following the procedure in Brown (1987a), 

vault-thickness dimensions were recorded using 
two specially modified vernier calipers. The 
thickness of the cranial vault was measured to 
the nearest 0.1 mm at the following points: on the 
frontal squama midway between nasion and 
bregma, the prebregmatic eminence, the frontal 
bone adjacent to bregma, the right parietal bone 
adjacent to vertex, the right parietal eminence, 
the parietal bone adjacent to asterion and the 
external occipital protuberance. With the excep­
tion of the parietal eminence and asterion all 
dimensions were recorded at the midline. Where 
the sagittal suture was located in a marked 
depression, thickness at vertex was recorded 
from a more lateral position. 

Male and female samples were processed 
separately so that the extent of sex-based varia­
tion could be examined, with the percentage of 
sexual dimorphism for each dimension cal­
culated according to Garn et al. (1964). The vault 
thickness dimensions, by population and by sex, 
were plotted against the percentage points of a 
standard normal variable (Gnanadesikan 1977) . 
With the exception of thickness at the external 
occipital protuberance their distributions did not 
deviate greatly from that expected of a normal 
distribution. A large proportion of the Murray 
Valley crania have associated postcranial 
skeletons. These were used to explore possible 
allometric relationships between the thickness of 
the bones within the cranial vault, size of the 
cranial vault and stature. In this instance stature 
was represented by the maximum length of the 
right femur. 

Sources of measurement error 

All of the samples (Tables 27-28) display con­
siderable variation and to a large degree this is a 
reflection of the architecture of the endocranial 
surface of the cranial vault. Vault thickness 
dimensions recorded at the midline can be 
influenced by a number of anatomical features. 
The length and height of the frontal crest, depth 
of the groove for the superior sagittal sinus, 
grooves for the meningeal vessels, relative 
positions of the internal and external occipital 
protuberances and bone growth associated with 
suture development can all affect vault thickness 
at a given point. Similar factors can influence 
vault-thickness dimensions recorded from more 
lateral positions on the vault. Where measure­
ments are recorded from fixed points, on the 
external surface, little control can be gained over 
this normal source of variation. 

Measurement replicability was examined 
using the double determination method of 
Dahlberg (1940). The 26 Coobool Creek crania 



Table 27 Cranial vault thickness in male crania from Coobool Creek, 
Kow Swamp, Barham, th� Murray Valley and Swan port (mm) 

n jt: a Min . Max . 

Mi dfron t a l  s quama 
Coobo o l  Creek 2 0  1 0 . 4  2 . 4 1 6 . 5  1 6 . 3  
Kow Swamp 4 8 . 7 1 1 .  6 4  6 . 7  1 0 . 5  
Barham 5 8 . 2  2 . 2 8  4 . 9  1 0 . 7  
Mu rray Va l l ey 4 7  7 .  9 1 , 2 1 . 5 8  3 . 8  1 1 . 8  
Swan port 1 9  7 .  9 1 , 2 1 . 5 0  5 . 2  1 0 . 0  

P rebregma t i c emi n en ce 
Cooboo l  Creek 2 0  1 1 .  2 2 . 2 9  7 . 8  1 5 . 4  
Kow Swamp 4 1 1 . 8 2 . 4 0 8 . 7  1 4 . 1  
Barham 4 1 0 . 5  1 .  7 0  9 . 2  1 2 . 9  
Mu r ray Va l l ey 4 7  8 .  4 1 , 2 1 .  5 0  5 . 4  1 2 . 0  
Swan port 1 9  7 .  6 1 , 2 1 .  0 4  6 . 1  1 0 . 2  

Fron t a l  a t  bregma 
Cooboo l  Creek 2 0  1 0 . 8  1 .  9 3  8 . 1  1 4 . 1  
Kow Swamp 4 1 0 . 1  1 .  4 4  7 . 3  1 2 . 0  
Ba rham 4 1 0 . 7  1 .  7 0  9 . 4 1 3 . 2  
Mu rray Va l l ey 4 7  8 . 9 1 1 . 5 0 5 . 8  1 2 . 3  
Swanport 1 9  7 .  9 1 , 2 1 .  0 5  6 . 5  1 0 . 5 

Vert ex 
Cooboo l  Creek 2 0  9 . 2  1 .  6 8  6 . 1  1 3 . 7  
Kow Swamp 4 9 . 7  3 . 0 4 6 . 0  1 2 . 5  
Barham 5 8 . 0  2 . 3 9 5 . 4  1 1 .  8 
Mur ray Va l l ey 4 7  8 . 7  1 .  4 4  5 . 8 1 2 . 1  
Swanport 1 9  7 . o 1 0 . 9 7 5 . 3  9 . 2  

Oc cipi t a l  a t  l a mbda 
Cooboo l  Creek 2 0  1 2 . 8  1 .  7 6  9 . 8  1 7 . 1  
Kow Swamp 5 1 0 . 0 1 2 . 0 0 6 . 9 1 1 .  7 
Ba rham 5 9 . 8 2 . 9 0 6 . 5  1 3 . 9  
Mu r ray Va l l ey 4 7  9 . 9 1 1 .  9 4  6 . 2  1 6 . 5  
Swanport 1 9  a . 5 1 1 .  2 4  6 . 7  1 0 . 3  

P a ri e t a l  emin en ce 
Cooboo l  Creek 2 0  7 . 7  1 .  9 0  5 . 0  1 2 . 4 
Kow Swamp 
Barham 5 7 . 8  1 .  9 3  5 . 3  1 0 . 5  
Mur ray Va l l ey 4 7  6 . 4 1 , 2  1 . 1 2 4 . 0  9 . 0  
Swan port 1 9  6 . 4 1 1 . 5 8 4 . 5  1 0 . 5  

P a ri e t a l  a t  a s t eri on 
Coobo o l  Creek 2 0  1 0 . 9  2 . 8 5 6 . 3  1 6 . 5  
Kow Swamp 
Barham 5 9 . 3  2 . 8 2 6 . 4  1 3 . 5  
Mur ray Va l l ey 4 7  9 . 1 1 , 2 1 .  6 6  5 . 6 1 1 .  8 
Swanport 1 9  7 . 2 1 , 2  1 .  6 1  4 . 0  1 0 . 0  

Ext ern a l  o c cipi t a l  
pro t ubera n c e  

Coobool Creek 2 0  1 8 . 1  2 . 7 8 1 3 . 0  2 3 . 0  
Kow Swamp 2 1 4 . 3  1 2 . 8  1 9 . 6 
Ba rham 5 1 7 . 4  4 . 3 2 1 1 . 2 2 3 . 0  
Mu rray Va l l ey 4 7  1 5 . 1 1 3 . 1 7 9 . 5  2 3 . 2  
Swan port 1 9  1 3 . 7 1 1 .  8 2  1 1 . 0 1 6 . 5  

1 Mu r r a y  Va l le y  o r  Swanp o r t  me a n  wh i ch i s  s i gn i f i c a n t l y  l e s s  than 
C o o bo o l  Creek ( P  = . 0 5 - . 0 0 1 ) 

2 S i gn i f i c a n t  d i f fe re n c e  i n  v a r i an c e  i n d i c a t e d  by B a r t l e t t ' s  x2 , 
S t udent ' s  t c a l cu l a t e d  u s i n g  s e p a r a t e  v a r i ance e s t ima t e  
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Table 28 Cranial vault thickness in female crania from Coobool Creek, Kow 
Swamp, Barham, the Murray Valley and Swanport (mm) 

Mi dfron t a l  s quama 
Coobo o l  Creek 
Kow Swamp 
Barham 
Murray Va l l ey 
Swanport 

P rebregma t i c emi n en ce 
Coobo o l  Creek 
Kow Swamp 
Barham 
Mu rray Va l l ey 
Swan port 

Fron t a l  at bregma 
Cooboo l  Creek 
Kow Swamp 
Barham 
Murray Va l l ey 
Swan port 

Vertex 
Coobo o l  Creek 
Kow Swamp 
Ba rham 
Murray Va l l ey 
Swan port 

Oc cipi t a l  at l a mb da 
Coobo o l  Creek 
Kow Swamp 
Barham 
Mu rray Va l l ey 
Swanport 

P a ri e t a l  emi n en ce 
Coobo o l  C reek 
Kow Swamp 
Barham 
Murray Va l l ey 
Swanport 

P a ri e t a l  at a s t eri on 
Coobo o l  Creek 
Kow Swamp 
Barham 
Murray Va l l ey 
Swanport 

Ext e rn a l  o c cipi t a l  
pro t ubera n c e  

Coobo o l  Creek 
Kow Swamp 
Ba rham 
Mu rray Va l l ey 
Swanport 

n 

8 8 .  4 
1 7 .  8 
2 6 .  8 

5 2  7 .  5 1 

1 8  7 .  5 

8 8 .  4 

1 8 .  7 
5 2  7 .  9 
1 9  6 .  8 

8 8 .  4 
1 7 .  3 
1 8 .  0 

5 2  7 .  8 
1 9  6 . 3 1 • 2 

8 7 .  4 
1 6 .  9 
2 6 . 3  

5 2  7 .  7 2 

1 8  6 .  2 

8 1 1 . 6 

2 7 .  4 
5 2  9 . 7 1 

1 9  8 . 1 1 

5 6 .  8 

2 6 .  9 
5 3  7 . 1  
1 9  6 .  2 

5 8 .  4 

2 6 .  9 
5 3  7 .  4 
1 9  5 . 6 1 • 2 

8 1 5 . 5 

1 1 1 .  2 
5 2  1 3 . 1 1 

1 9  1 0 . 1 1 

a 

1 .  7 3  

2 . 7 5 
1 . 3 5 
1 .  4 0  

1 .  0 7  

1 .  4 8  
1 .  0 7  

1 .  9 7  

1 .  3 9  
0 . 9 3 

0 . 5 0 

1 . 2 7 
1 . 3 5 
1 . 0 5 

2 . 0 7 

1 .  6 2  
1 .  7 5  
1 .  4 3  

0 . 9 3 

1 .  6 2  
1 . 8 0 
1 . 3 1  

1 .  8 4  

0 . 7 8 
1 .  6 0  
0 . 9 0 

5 . 3 3 

2 . 2 7  
2 . 4 4 

Min . 

5 . 8  

4 . 9  
4 . 1  
5 . 6 

7 . 2  

3 . 7  
5 . 2  

5 . 8  

4 . 7  
5 . 0  

6 . 9 

5 . 4  
3 . 4  
4 . 7  

7 . 5  

5 . 7  
6 . 1  
5 . 7  

6 . 0  

5 . 7  
3 . 2  
4 . 0  

6 . 4  

6 . 4  
5 . 4  
4 . 0  

1 0 . 0 

8 . 0  
5 . 5  

Max . 

1 0 . 5  

8 . 8  
1 0 . 4  
1 1 . 5 

9 . 7  

1 0 . 4  
9 . 5  

1 0 . 9 

1 0 . 4  
8 . 0  

8 . 5  

7 . 2  
9 . 8  
8 . 4  

1 3 . 8  

8 . 0  
1 5 . 1  
1 0 . 7  

8 . 0  

8 . 0  
1 0 . 8  

8 . 5  

1 1 .  0 

7 . 5  
1 0 . 8  

7 . 5  

2 3 . 5  

1 7 . 7  
1 4 . 0  

1 Mu r r a y  Va l l e y  o r  S w a n p o r t  me a n  wh i ch i s  s i gn i f i ca n t l y  l e s s  t h a n  
C o ob o o l  C r e e k  ( P  = . 0 5 - . 0 0 1 )  

2 S i gn i f i c ant d i f fe rence i n  v a r i a n c e  i n d i c a t e d  b y  B a r t l e t t ' s  x2 , 
S t udent ' s  t c a l cu l at e d  u s i n g  s e p a r a t e  v a r i ance e s t imate 



were measured on two separate occasions. 
Differences between the first and second 
observation were analysed by computing the 
standard deviation of a single determination. 
The magnitude of measurement error using 
Dahlberg's statistic ranged from 0.18-0.39 mm, 
with a mean of 0.23 mm. This is greater than the 
mean error obtained in dental replicability 
studies using similar measurement scales 
(Moorrees et al. 1957; Barrett et al. 1963a; 
Townsend and Brown 1979b; Brown 1987a), but 
comparable to the measurement error report� 
by Brown et al. (1979) in their study of cramal 
vault thickness. Comparison of the two sets of 
means, using Student's t test, did not produce 
significant results. 

Vault thickness may also be influenced by 
localised trauma or a number of specific 
pathologies. Fortunately the majority of th�se 
have well-defined characteristics and are easily 
recognised (Sissons 1966; Ortner and Putschar 
1985; Brown 1987a). Both radiographic and 
direct examination of the crania used in this 
analysis indicated that bone growth was normal 
and without pathological association. Several 
studies have also reported that there is a gradual, 
though irregular, increase in vault thickness 
throughout adult life (Todd 1924; Roche 1953; 
Adeloye et al. 1975) .  Others have been unable to 
confirm this trend (Tallgren 1974; Smith et al. 
1985). It is possible that age-related changes may 
contribute to the problems associated with com­
paring small samples. This remains a possible 
source of error, however, the conflicting results 
obtained in analyses of age-related change 
suggest that the effects of skewed adult age 
distributions would only be minimal. 
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Sexual dimorphism and diachronic change 

In each of the groups, where both sexes are 
represented, overall cranial-vault thickness is 
greater in males than in females (Tables 27-29).  
The Aboriginal crania from Coobool Creek, the 
Murray Valley and Swanport share significant 
differences between the male and female means 
at bregma, asterion and the external occipital 
protuberance. At Coobool Creek there are also 
significant differences for thickness at the mid­
frontal squama and vertex. Comparison of the 
sexual dimorphism percentage figures for these 
two groups (Table 29) suggests that sexual 
dimorphism in cranial-vault thickness was much 
greater in southeastern Australia 13,000 years 
ago than in the recent period. However, the 
Coobool Creek female sample is relatively small, 
especially given the high degree of variation, and 
I would not like to emphasise these results too 
strongly. 

There is a similar pattern to the levels of vault­
thickness dimorphism in the two recent popula­
tions, Murray Valley and Swanport (Table 29). 
The lowest levels of dimorphism in each of these 
populations are for thickness at the parietal 
eminence. In the Murray Valley series, females 
have a slightly thicker mean value than males 
(dimorphism score -9.9%), while at Swanport the 
difference between the male and female 
dimorphism scores is only 3.2%. It is possible 
that the relatively greater thickness at this point 
may be associated with the generally mor� i:'ro­
truding parietal eminence in female Abongmal 
crania. The sexual dimorphism percentages 
show considerable variation, however, the 
ranking of the percentage scores in the three 
modem groups indicates a general trend towards 

Table 29 Sexual dimorphism in vault thickness dimensions for Aboriginal crania from Coobool Creek, the 
Murray Valley and Swanport 

Student ' a t teat a co re a % s exual dimorphi sm 
Coobool Murray Coobool Murray 

Creek Val ley Swanport Creak Valley 

Midf ront a l  3 . 0 3 2 0 . 1 2 0 . 6 2 2 3 . 8  5 . 5  squama 
3 . 1 2 2 1 . 6 4 4 2 . 3 8 1 3 3 . 3  6 . 3  P rebregmat i c  emin en ce 

F ront a l  at bregma 3 . 1 1 2 3 . 6 2 2 4 . 6 5 2 2 8 . 6  1 1 . 5 
Ve rtex 2 . 6 2 1 , 4 3 . 4 2 2 2 . 6 0 1 2 4 . 3  1 2 . 9  
Occipital at lambda 1 .  7 4  0 . 5 1 0 . 9 8 1 0 . 3  2 . 0  
P a ri e t a l  eminence 1 .  6 7  1 .  3 4 3 , 4 0 . 4 3 1 3 . 2  9 .  9 3 
P a ri e t a l  a t  a st e r  i o n  2 . 5 1 1 3 . 2 1 2 3 . 9 0 2 , 4 2 9 . 8  2 2 . 9  
Ext ernal occipital 

3 . 6 7 2 , 4 3 . 1 1 2 , 4 5 . 1 1 2 1 6 . 8  1 5 . 3  protube ran c e  
Mean 2 2 . 5  7 . 5  

1 Ma l e  me a n  s ign i f i ca n t l y  great e r  t h a n  fema l e  me a n  ( P  = . 0 5 - . 0 1 )  
2 Ma l e  me a n  s i gn i f i ca n t l y  g re a t e r  t h a n  fema l e  me a n  ( P  = . 0 0 8 - . 0 0 0 )  
3 Fema l e  me a n  t h i ck ne s s  a t  p a r i e t a l  eminence g r e a t e r  t h a n  ma l e  
4 S ign i f i c a n t  d i f fe re n ce i n  v a r i an c e  i n d i c a� ed by B a 7t le t t ' s  X2 , 

S t udent ' s  t c a l cu l a t e d  u s i n g  s e p a r a t e  v a r i ance e s t imate 

Swan port 

4 . 0  
1 1 . 8 
2 3 . 8  
1 2 . 9  

4 .  9 
3 . 2  

2 8 . 6 

3 5 . 6  
1 5 . 6 
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maximum vault thickness dimorphism at 
asterion and in the posterior third of the frontal 
bone. 

Male crania, particularly those from the 
Murray Valley area, often have a pronounced 
median sagittal ridge. This ridge may occupy the 
posterior two-thirds of the frontal, extending 
posteriorly to the middle of the parietals. In 
some instances, in males, this median ridge 
expands into a prominent prebregmatic, or 
bregmatic, eminence which may extend laterally 
down the coronal suture. In sagittally-sectioned 
crania the thickened median ridge results from a 
proportional increase in tabular bone and diploe. 
However, where a prominent prebregmatic 
eminence is present this is primarily composed of 
preferentially thickened diploe. Male Aboriginal 
crania also typically have a transverse occipital 
torus (Larnach and Macintosh 1966). 
Unfortunately, thickness dimensions recorded at 
the external occipital protuberance often produce 
a misleading picture of bone development in this 
region. Maximum vault thickness at the external 
occipital protuberance is largely dependent upon 
the relative position of the internal and external 
occipital protuberances. When both of these 
features are in alignment a maximum dimension 
is obtained. It is therefore possible for com­
paratively thin-walled female crania, without a 
prominent occipital torus, to gain thickness 
dimensions equal to more robust male crania at 
this point. In particular the Coobool Creek 
males, who as a group have well developed 
occipital tori, have relatively inferiorly located 
internal occipital protuberances. This has 
contributed to the anomalous results for vault 
thickness at the external occipital protuberance in 
this sample (Tables 27-29). Given the large 
degree of anatomical variation in this region I 
doubt that recording vault thickness at the 
external occipital protuberance has much value 
for comparative research. 

Within the Aboriginal male groups, cranial­
vault thickness is significantly greater at Coobool 
Creek than in the recent Murray Valley popula­
tion. The other terminal Pleistocene series, Kow 
Swamp, has a similar pattern of increased thick­
ness at the prebregmatic eminence, bregma and 
vertex, however, this is not extended to other 
parts of the cranial vault (Table 27, Figs 24-25). 
To a lesser degree the female results support 
those obtained with the males. With the excep­
tion of thickness at the midfrontal squama and 
parietal eminence, the Coobool Creek female 
means are either greater than, or equal to, those 
in the comparative recent populations (Table 28). 
Comparison of the Coobool Creek and recent 

Murray Valley means reveals the substantial 
degree of reduction in cranial-vault thickness 
which has occurred in southeastern Australia 
over the last 13,000 years. This reduction in vault 
thickness is most obvious in the male frontals 
and female occipitals. The mean dimensions of 
the small Barham male sample combine aspects 
of both the terminal Pleistocene and recent 
Australian groups. In the absence of more sub­
stantial data from Aboriginal populations in the 
same time period, these results suggest that there 
was an ongoing reduction in cranial-vault 
thickness in southeastem Australia after 5000 
years BP (Figs 24-25). 

The most unusual aspect of vault thickness in 
the crania from Coobool Creek, Kow Swamp, 
Cohuna and Nacurrie is found in the frontal 
bones of those individuals which show evidence 
of artificial deformation (Brown 198lb, 1987a). 
There is a pronounced prebregmatic expansion of 
the diploe in some of these crania (CC29, 65, 66, 
82, KS5, 7, Cohuna, Nl and 2), to form a promi­
nent eminence on the midline of the external 
surface. Corresponding with this prebregmatic 
thickening there is often a constriction of the 
diploe in the middle third of the frontal squama. 
For instance in CC65 the minimum midline 
thickness of the midfrontal squama is 5.0 mm, 
with a thickness of 12.1 mm at the prebregmatic 
eminence. 

Several studies have documented the 
directional reduction in the size of the cranial 
vault, oro-facial skeleton and dentition, which 
has occurred in southeastem Australia since the 
terminal Pleistocene (Thorne 1976; Thome and 
Wilson 1977; Brown 1987a). A reduction in 
cranial vault-thickness could be linked with this 
through an allometric association with the overall 
size of the cranial vault or stature. Correlations 
between cranial-vault thickness, femur length 
and various cranio-facial dimensions were 
examined by population and by sex using the 
Murray Valley series. The levels of correlation 
displayed considerable variation, however, the 
association between some variables was consis­
tent throughout. In the single-sex and pooled-sex 
samples there were either low positive or low 
negative correlations between the vault-thickness 
dimensions and femur length, maximum bi­
parietal breadth, and nasion-prosthion. With the 
exception of the female segment, correlations 
involving bizygion breadth were also uniformly 
low, but with few negative values. In general the 
levels of correlation were decreased, rather than 
increased, in the pooled-sex results for these 
variables. There were moderate levels of cor­
relation between maximum cranial length, 
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basion-bregrna, maximum supraorbital breadth 
and thickness at the midfrontal squama, pre­
bregrnatic eminence, bregrna and the parietal 
eminence. Scatterplots of these cranial thickness 
and size dimensions, while having considerable 
dispersion, had a clearly directional trend 
(Fig.26) . 
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Basion-bregma height (mm) 

Scatterplot of association between 
basion-bregma height and vault thick­
ness at bregma in male crania from 
Coobool Creek and the Murray Valley 

Some evidence of correlation would be 
expected between the vault thickness and size 
dimensions given their broad topographical 
relationship, with thickness at bregrna and 
basion-bregrna height sharing a common 
reference point (male r = .762, female r = -.005, 
pooled sex r = .592). Even so, the levels of cor­
relation from regions without a close topo­
graphical association, for instance supraorbital 
breadth and thickness at bregrna (male r = .350, 
female r = .541 , pooled sex r = .457) suggest a 
broad allometric relationship between the size of 
the cranial vault and the thickness of the bones of 
which it is composed. However, there is too 
much variation to give this association anything 
approaching a precise predictive nature. For 
example, using the entire pooled sample (n = 

1 10) and then subdividing it according to sex 
(males = 66, females = 44), obtained Pearson's 
correlation coefficients of male = .41 1, female = 

.487 and pooled sex = .631, for the association 
between supraorbital breadth and thickness at 
bregrna. Scatterplots displayed a linear trend, 
although with considerable dispersion (standard 
error of estimates male = 1 .81,  female = 1 .23, 
pooled sex = 1 .71 ), with a regression equation for 
the males of x = -8 .597 + 0. 159y, females x = 
-10.671 + 0.168y and pooled sex x = -17.566 + 
0.237y (Fig.27). 
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Scatterplot of association between 
supraorbital breadth and vault thick­
ness at bregma in male crania from 
Coobool Creek and the Murray Valley 

The oldest human skeletal material recovered 
from Australia, LMI, LMIII and WLH 50, dated 
to between 24,000-29,000 years BP (Bowler et al. 
1972; Bowler and Thorne 1976; Thorne 1984; 
Caddie et al. 1987), display considerable 
variation in their vault thickness, cranial size and 
morphology. LMIII, probably a male, has a 
thickened cranial vault which is in the Coobool 
Creek and Kow Swamp range of variation while 
the LMI female cremation has a cranial vault 
which is extremely thin (Brown 1987a). Vault 
thickness in the largest and most robust 
specimen from this area, WLH 50 (Thorne 1984), 
exceeds the reported Australian Aboriginal range 
(midfrontal squama 16.5 mm, prebregmatic 
eminence 18.0 mm, bregrna 17.2 mm, vertex 13 .9 
mm, lambda 16.2 mm, asterion 16.0 mm). 
However, bone structure in this individual is 
unlike that in any of the other Homo sapiens, or 
Australasian hominid crania which I have 
examined. Throughout the vault, both endo­
cranially and ectocranially, the tabular bone is 
extremely thin (0.5-1 .5 mm) while the intervening 
diploe is greatly expanded. The uniformity with 
which this occurs throughout the vault is not 
consistent with the osteological changes 
associated with the common haemolytic, or 
metabolic disorders (Ortner and Putschar 1985), 
but nevertheless it is in marked contrast to what 
appears to be normal for our species. 
Comparisons of cranial-vault thickness between 
Australian Aboriginal, American White, 
American Black and northern Chinese groups 
highlight the greatly thickened vaults in the 
Australian sample (Todd 1924; Roche 1953; 
Adeloye et al. 1975; Brown 1987b). Using the 
evidence provided by the Willandra Lakes crania 



it is not clear if Australia's first human occupants 
had thickened cranial-vault bones or whether 
these developed within Australia at some time 
between 39,000-13,000 years BP. 

I have previously argued (Brown 1987a) that 
one factor which may have selected for increased 
vault thickness is the traditional method of 
settling disputes in Aboriginal communities. 
Traditionally, Aborigines from southern and 
central Australia, males and females, involved in 
aggressive disputes will use a substantial 
wooden implement and strike towards the head 
of their opponent (Taplin 1874; Basedow 1925; 
Meggitt 1962; Tonkinson 1966). These disputes 
may arise from competition between women in a 
polygamous family unit, competition between 
real or classificatory brothers over women, com­
petition for political or religious authority, 
accusations of infidelity, failure to fulfil 
perceived domestic responsibilities or over any 
major source of grievance within a clan 
(Tonkinson 1966; Reid 1978). Although there is 
some regional variation these fights commonly 
involve a fixed behavioural code. The 
combatants 'take it tum about to strike and 
parry. The head is the principal mark, but it is 
not against the rules to aim at the fingers . . . .  The 
fight continues until one receives a blow on the 
head severe enough to disable them' (Basedow 
1925:166-67). Injuries to the scalp and cranial 
vault are often severe, especially in situations 
where the initial formalised dispute escalates to a 
general melee involving the entire community 
(Taplin 1874; Meggitt 1962; Tonkinson 1966). 

Evidence of the frequency, and severity, of 
this form of social interaction is common in 
skeletal material recovered from archaeological 
sites in Australia. In a sample of 430 Aboriginal 
crania (176 females and 254 males) from New 
South Wales, Victoria and South Australia there 
were well demarcated, single or multiple 
depressed fractures on the frontals, or parietals, 
of 59% of the females and 37% of the males 
(Brown 1987a). The majority of the fractures 
were located on the left side of the frontal, and 
left parietal, which is consistent with a blow from 
a right-handed person, where the combatants are 
facing each other (Fig.28). In each instance there 
was bone regrowth associated with the fracture 
indicating that the people had survived what was 
often severe trauma. Ethnographic accounts 
(Meggitt 1962; Tonkinson 1966; Reid 1978) 
suggest that the individuals most commonly 
involved in fighting within the band are young 
adults. Either younger wives victimised by older 
women in a polygamous family unit, young 
wives attacked after accusations of infidelity by 

Figure 28 
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Coronal 
suture 

Diagrammatic superior view of cranial 
vault showing the location of 
depressed fractures in a sample of 430 
Aboriginal crania from southeastern 
Australia (in some, two or more 
fractures are located in the same posi­
tion with several individuals having 
multiple injuries) 

their ageing husbands, or young men in multi­
farious disputes with either their peers or older 
individuals. Under these conditions the principal 
function of the neurocranium, that of insulating 
and protecting the brain, is under considerable 
stress. If the people most at risk are those who 
are at their reproductive peak then surely over an 
extended period of time selection will favour the 
genes of individuals with thicker bones in their 
cranial vaults. The cultural alternative of simply 
developing less harmful methods of settling 
disputes was not chosen. Perhaps it is as 
Tonkinson (1966:307) suggests, social cohesion in 
Aboriginal communities is ultimately reinforced 
by the conflicts that occur. The immediate, direct 
and forceful expression of anger in these socially 
controlled conflicts may reinforce common ties of 
kinship, and the need for group solidarity, after 
the breach. 

ARTIFICIAL CRANIAL DEFORMATION 

The extremes of morphological variation in 
Aboriginal crania have long fuelled debate as to 
the biological ongms of the Australian 
Aboriginal population (Topinard 1872; Turner 
1884; Birdsell 1949, 1967; Abbie 1951;  Macintosh 
1963; Thorne 1977; Freedman and Lofgren 1979b; 
Thome and Wolpoff 1981;  Brown 1987a). A 
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factor central to the debate is the shape and 
development of the fronto-facial skeleton. It was 
specifically in relation to this anatomical region 
that Weidenreich (1946) suggested that the 
osteological details of some recent and pre­
historic Aboriginal crania are evidence of a 
continuous line of evolution from Indonesian 
Pithecanthropus. Subsequently, Weidenreich's 
conclusion was supported by Thome and 
Macumber's (1972) description of the Kow 
Swamp crania. Thome and Macumber (1972:319) 
argued that at Kow Swamp 'the frontal bones are 
particularly archaic, preserving an almost 
unmodified eastern erectus form, specifically that 
of the Javan pithecanthropines' . 

As well as suggesting some form of 
evolutionary continuity between early human 
populations in Java and more recent populations 
in Australia (Thome and Wolpoff 1981) the size 
and morphology of the fronto-facial skeleton has 
also been used to distinguish two distinct 
Australian Pleistocene populations (Thorne 1977; 
Thome and Wilson 1977; Freedman and Lofgren 
1979a). 

A contrasting interpretation of the Kow 
Swamp and Cohuna crania by Brothwell (1975) 
suggested that the frontal recession evident in the 
Kow Swamp material was in fact too extreme to 
be natural and represented artificial cranial 
deformation rather than the persistence to 10,000 
years BP of an archaic morphotype. Thorne' s 
reply (1976), supported by Larnach (1978), 
observed that there were no structural 
osteological characters in the Kow Swamp crania 
that would support deformation. Thome argued 
that given the extreme anterior recession, some 
corresponding posterior reaction should be 
observable. He found none: 'indeed the occipital 
region of the Kow Swamp cranium was fully 
developed and expanded' (Thorne 1976:1 10). 
The possibly accidental use of the singular 
'cranium' highlights the difficulty in examining 
this issue at Kow Swamp. The posterior and 
basal areas of the majority of the crania from this 
site are incomplete, with two of the more 
complete occipitals (KSl and KS14) suffering 
from post-depositional distortion. 

The reconstruction of the Coobool Creek 
crania provided an opportunity to test this issue, 
as statistical and morphological comparisons 
indicate that these crania fall within the Kow 
Swamp range (Brown 198lb, 1 987a). An 
immediate difficulty was in finding suitable 
material with which to test Brothwell's 
hypothesis. Under ideal circumstances it would 
have been preferable to compare artificially 
deformed and undeformed crania, with known 

histories, from the same biological population. 
However, a sample conforming to these con­
ditions is unavailable in Australia. The only 
definitely deformed crania available were 
Melanesian, the majority, members of the Arawe 
from southern New Britain (Blackwood and 
Danby 1955). Due to the morphological 
difference between Aboriginal and Melanesian 
crania, a direct comparison of deformed 
Melanesian crania with undeformed Aboriginal 
crania may have produced misleading results. 
The only undeformed Melanesian sample of 
adequate size, and from an area in reasonable 
geographic proximity to the Arawe, available in 
Australia came from the Sepik River region of 
northern Papua New Guinea. 

The Arawe 

A total of 57 artificially deformed crania in the 
collections of the Anatomy Department of the 
University of Melbourne, the South Australian 
Museum and the Australian Institute of 
Anatomy, Canberra, was examined. The Arawe 
of southern New Britain, forming the largest (n = 

25) well-defined unit within this collection, were 
chosen as the representative artificially deformed 
group. 

Sex was determined through a detailed 
examination of cranial morphology (Krogman 
1962; Larnach and Freedman 1964). I would have 
preferred to have supported the morphological 
diagnosis with the use of discrimant functions 
(Giles and Elliot 1963; Townsend et al. 1982) but 
the alterations in shape and size resulting from 
the deformation process would have produced 
results which were less reliable than the original 
morphological sexing. This suggested that 16 
male and nine female crania were present. 

Blackwood and Danby (1955) present a 
detailed description of both the process of head­
binding among the Arawe and its effect on the 
cranial vault. According to them the motive for 
head-binding appears to be a purely aesthetic 
one - the long head was admired and considered 
attractive to the opposite sex. They describe 
how, almost immediately after birth, a bandage 
consisting of strips of bark cloth and vine was 
bound around the infant's forehead and back of 
the cranium. The first bandage served for about 
three weeks, larger pieces being substituted as 
the child grew. The amount of deformation pro­
duced was left entirely to the discretion of the 
mother, who kept the bandage fastened tightly if 
she wished the child's head to be particularly 
long. Even at one-day-old deformation was quite 
marked. The bandage was kept on for about one 
year. Reasons given for discontinuing the 



practice were the child's head was considered 
long enough or that the child kept pulling the 
bandage off. 

Sepik River 

The 26 crania in the Sepik River series, the 
majority with incised frontal bones, were 
obtained from museum collections in Canberra, 
Melbourne and Adelaide. There are no known 
ethnographic records of artificial cranial 
deformation being practised in the Sepik 
(Dingwall 1931 )  and the crania show no evidence 
of deformation. Sex was determined through an 
examination of cranial morphology (Krogman 
1962; Lamach and Freedman 1964) combined 
with a discriminant function analysis of the 
crania and mandibles (Giles and Elliot 1963; Giles 
1964). Close agreement was obtained between 
the morphological and metrical techniques. In 
the five instances where crania obtained inter­
mediate discriminant function scores, greatest 
emphasis was placed on morphological 
characteristics. Fourteen male crania and 12 
female crania were sexed by these analyses. 

Methods 

All dimensions were taken to standard 
osteological points using the methods discussed 
in Chapter II. Snedecor's variance ratio test (F 
value) was used to test differences between 
sample variances and Student's t test to assess 
differences in sample means. Data were com­
pared with a standard normal distribution using 
normal probability plots and the Shapiro-Wilk 
statistic (W). The relationship between selected 
variables was examined using scatterplots and 
standard regression procedures (Snedecor and 
Cochran 1969). A series of linear discriminant 
analyses were performed using the procedures 
outlined in Chapter II. Following Jolicoeur (1959) 
and Lubischew (1962) correlation between 
individual measurements and the case's 
orthogonally-projected axis position were used to 
help interpret the canonical functions. The 
scatterplots produced for this purpose revealed 
more meaningful associations than would have 
been indicated by the canonical functions alone. 
Covariance matrices were produced for each 
group and a test for equality of the matrices, 
Box's M and its associated F test, employed (Box 
1949). 

Lateral radiographs were taken of eight of the 
Arawe and all of the Coobool Creek crania. 
Heavy mineralisation of the Coobool Creek 
crania, with the deposition of silica and 
manganese in the diploe and sinuses, resulted in 
a comparatively low level of resolution with this 

73 

material. These radiographs were compared 
with a series taken as part of the long-term 
growth study of Walbiri and Pintubi people at 
Yuendumu in central Australia (Brown and 
Barrett 1964, 1973; Brown et al. 1979). 

UNIVARIATE AND MORPHOLOGICAL 
COMPARISON 

Arawe and S epik River 

A number of the female crania from both of 
these groups had incomplete facial skeletons and 
damage to the basal sections of their vaults. For 
dimensions recorded from these regions, missing 
data restricted the size of the Sepik River female 
sample to four and the Arawe females to six. 
Due to the small size of the female sample, 
statistical comparisons were restricted to the 
males. The descriptive and comparative 
statistical data for the Arawe and Sepik River 
male crania are presented in Table 30. These 
data, as well as much of the discussion to follow, 
were originally published in Brown (1981b). 

The more obvious visual differences between 
the Arawe and Sepik River crania are associated 
with the curvature of the frontal, parietal and 
occipital bones when viewed laterally (Fig.29). 
Compared to the Sepik River frontal bones, the 
Arawe frontals are greatly elongated and 
flattened. Both the mean frontal chord (nasion­
bregma) and frontal arc length of the deformed 
crania are significantly longer (P = .OOO, P = .048) 
than in the undeformed series (Table 30) . 
Viewed laterally, the flattening of the Arawe 
frontals is largely restricted to the anterior two­
thirds, with the surface in some crania being 
slightly concave. There is little evidence of the 
frontal boss preserved and the point of maximum 
convexity (maximum frontal subtense height or 
metopion) is situated posterior to that in the 
Sepik series. 

The mean frontal curvature index of the 
Arawe is significantly lower (P = .OOO) than that 
in the undeformed series, however, there is an 
overlap in range and the two groups can not be 
separated by this single index (Fig.30). In 
undeformed Melanesian and Australian 
Aboriginal crania as the length of the frontal 
bone increases (nasion-bregma) there is a 
corresponding increase in frontal subtense height 
(curvature) (Fig.30) . Although this relationship is 
not tightly linear the points fall within reasonable 
proximity of the regression line. Some form of 
uniformity in this relationship might also be 
predicted for the Arawe. With increasing frontal 
flattening the chord and arc lengths of the frontal 



Table 30 Comparative dimensions of the Arawe (AR) and Sepik River (SR) male crania (mm) 'I � 

Ara we / Coefficient Snedecor ' a  
Sepik of variance P roba- Student ' s  P roba-

Variable River n :it a variation Min . Max .  F bil ity t bility 

Maximum biparietal AR 1 4  1 2 6 . 4  4 . 5 7 3 . 6 1 1 1 9  1 3 3  1 .  4 5  0 . 5 1 1  2 .  9 1
1 

0 . 0 0 7  
breadth SR 1 4  1 3 2 . 0  5 . 5 1 4 . 1 7 1 2 0  1 4 0  

Glabe l l a- AR 1 6  1 8 3 . 9  6 . 0 4 3 . 2 8 1 6 9  1 9 3 1 .  3 9  0 . 5 3 7  1 . 2 4  0 . 2 2 5  
opi stho cranion SR 1 4  1 8 0 . 9  7 . 1 2 3 . 9 3 1 7 0  1 9 2 

Ba s ion-bregma AR 1 6  1 4 0 . 6  5 . 5 5 3 . 9 4 1 3 3  1 5 1  1 .  2 4  0 . 7 0 8  3 . 3 7 0 . 0 0 2  
SR 1 4  1 3 4 . 1  4 . 9 9 3 . 7 2 1 2 3  1 4 1  

Bas ion-n a s i on AR 1 6  1 0 2 . 9  3 . 7 9 3 . 6 8 9 6  1 1 0  1 .  0 7  0 . 8 8 5 1 . 5 3 0 . 1 3 8  
SR 1 4  1 0 0 . 7  3 . 9 3 3 . 9 0 9 5  1 0 7 

Bas ion-n a s o spinale AR 1 6  1 0 0 . 1  4 . 0 3 4 . 0 2 9 2  1 0 8  1 . 1 8 0 . 7 7 0  1 .  7 9  0 . 0 8 5  
S R  1 4  9 7 . 6  3 .  7 1  3 . 8 0 9 0  1 0 6  

Bas ion- p r o s thion AR 1 1  1 0 5 . 8  4 . 2 9 4 . 0 5 1 0 0  1 1 3  1 . 1 6 0 . 7 8 3 1 .  9 0  0 . 0 7 1  
SR 1 4  1 0 2 . 6  3 . 9 7 3 . 8 6 9 6  1 1 1  

Bas ion- lambda AR 1 6  1 2 2 . 7  8 . 6 7 7 . 0 6 1 0 2 1 3 1  1 .  2 8  0 . 6 6 6  4 . 3 3 0 . 0 0 0  
S R  1 4  1 0 9 . 8  7 .  6 7  6 . 9 8 9 3  1 1 8  

Bas ion- i n ion AR 1 6  6 7 . 0  1 0 . 4 6 1 5 . 6 1 4 1  7 9  1 .  2 0  0 . 7 3 0  0 . 0 4
1 

0 . 9 7 2  
SR 1 4  6 7  . 1  1 1 .  4 6  1 7 . 0 7 2 9  7 7  

Biauri c u l a r  breadth AR 1 6  1 2 2 . 3  5 . 9 9 4 . 8 9 1 1 3  1 3 3  1 .  4 4  0 . 5 1 9  2 . 0 8 0 . 0 4 7  
SR 1 4  1 1 8  . 1  5 . 0 1 4 . 2 4  1 0 8  1 2 4  

B i s phen i on AR 1 6  1 0 5 . 8  5 . 8 8 5 . 5 5 9 1  1 1 1  1 . 1 1 0 . 8 5 7  1 . 2 0 0 . 2 4 1  
SR 1 4  1 0 3 . 3  3 . 0 4 2 . 9 4 9 6  1 1 8  

Nas ion- bregma AR 1 6  1 1 8 . 9 3 . 9 8 3 . 3 4 1 1 1  1 2 6  1 .  8 9  0 . 2 5 7  5 . 9 6 0 . 0 0 0  
SR 1 4  1 1 1 . 4 2 . 9 0 2 . 6 0 1 0 5 1 1 7  

F ront a l  subten s e  AR 1 6  1 7 . 2  2 . 7 8 1 6 . 1 6 1 3  2 2  1 . 1 7 0 . 7 6 0 5 . 6 6
1 

0 . 0 0 0  
heigh t  S R  1 4  2 3 . 2  3 . 0 2 1 3 . 0 1 1 9  2 9  

Nas ion- f ront a l  AR 1 6  5 8 . 2  1 1 . 6 6  2 0 . 0 3 4 1  8 3  1 . 1 7 0 . 7 8 1 2 . 7 8 0 . 0 1 0  
subten s e  S R  1 4  4 6 . 8  1 0 . 7 6  2 2 . 9 9 1 0  5 3  

Opi sthion- l ambda AR 1 6  1 0 2 . 7  4 . 2 9 4 . 1 7 9 6  1 1 3  1 .  4 3  0 . 5 1 9  6 . 6 0 0 . 0 0 0  
SR 1 4  9 3 . 2  3 . 5 8 3 . 8 4 9 0  1 0 2 

Bregma- lambda AR 1 6  1 1 1 . 1  6 . 1 8 5 . 5 6  9 9  1 2 0  1 .  4 6  0 . 4 8 2 1 .  8 4
1 

0 . 0 7 7  
SR 1 4  1 1 5 . 7 7 . 4 6 6 . 4 4 1 0 5 1 3 2 

P a r i et a l  subtense AR 1 6  3 1 . 1  3 . 5 4 1 1 . 3 8  2 2  3 7  1 .  4 6  0 . 4 9 9  3 . 9 8 0 . 0 0 1  
height SR 1 4  2 6 . 4  2 . 9 3 1 1 . 0 9  2 1  3 1  

Bregma- parietal AR 1 6  6 0 . 3  4 . 2 5 7 . 0 4 5 5  6 8  1 .  7 1  0 . 3 2 1  1 .  0 3  0 . 3 1 3  
s ubt e n s e  S R  1 4  5 8 . 4  5 . 5 6 9 . 5 2 5 1  7 0  

Lambda- in ion AR 1 6  7 3 . 1  9 . 4 1 1 2 . 8 7 5 8  9 8  3 . 0 3 0 . 0 5 0
2 

2 . 8 2 0 . 0 1 0  
SR 1 4  65 . 4  5 . 4 0 8 . 2 5 5 6  7 6  

Lambda- a s t e ri on AR 1 6  8 5 . 5  6 . 2 8 7 . 3 4 7 5  9 6  2 . 4 2 0 . 1 1 7  2 . 3 6  0 . 0 2 6  
SR 1 4  8 1 . 0 4 . 0 4 4 . 9 8 7 5  8 8  

Au r i cu l a re- op i s thion AR 1 6  7 6 . 8  4 . 2 4 5 . 5 2 6 9  8 5  2 . 2 5 0 . 1 4 9  2 . 5 0 0 . 0 1 9  
SR 1 4  7 3 . 5  2 . 8 2 3 . 8 3 6 6  7 7  

Au r i c u l a re-ba s i on AR 1 6  6 7 . 1  3 . 5 9 5 . 3 5 6 0  7 3  1 .  5 9  0 . 4 0 4 2 . 8 5 0 . 0 0 8  
SR 1 4  63 . 7  2 . 8 4 4 . 4 5 5 7  6 7  

Nas ion- n a s o spinale AR 1 6  55 . 9  2 . 6 0 4 . 6 5 5 0  5 9  1 .  5 6  0 . 4 1 0  2 . 0 6 0 . 0 5 0  
SR 1 4  53 . 6  3 . 2 5 6 . 0 6 4 9  5 9  



Table 30 (continued) 

Ara we / Coefficient Snedecor ' s  
Sepik of variance Proba- Student ' s  P roba-

Variable River n x 8 variat ion Min . Max .  F bility t bility 

N a s ion-pro sthion AR 1 2  7 1 . 5  4 . 6 0 6 . 4 3 6 5  8 2  1 .  3 3  0 . 6 2 1  0 . 9 6 0 . 3 4 6  
SR 1 4  6 9 . 9  3 . 9 9 5 . 7 0 6 4  7 7  

Supraorbit a l  breadth AR 1 6  1 0 6 . 4  4 . 6 8 4 . 3 9  9 8  1 1 8  1 .  5 8  0 . 3 9 2 0 . 2 9
1 

0 . 7 7 6  
SR 1 4  1 0 7 . 0  5 . 8 8 5 . 4 9  9 6  1 1 6  

B i zygion AR 1 6  1 3 5 . 4  6 . 3 3 4 . 6 7 1 2 5  1 4 7  1 .  2 9  0 . 6 5 0  2 . 0 1 0 . 0 5 4  
SR 1 4  1 3 1 . 0 5 . 5 6 4 . 2 4  1 2 3  1 4 3  

B i z ygomax i l l a re AR 1 6  9 9 . 0  5 . 4 8 5 . 5 3 8 6  1 0 3 1 .  0 5  0 .  9 1 7  1 .  9 0  0 . 0 6 8  
SR 1 4  9 5  . 1  5 .  6 2  5 . 9 1 9 0  1 0 9  

O rbit a l  height AR 1 6  3 6 . 7  1 .  6 6  4 . 5 2 3 4  3 9  2 . 3 2 0 . 1 2 2  2 . 9 4 0 . 0 0 4  
SR 1 4  3 4 . 4  2 . 5 3 7 . 3 5 2 9  3 7  

B i e ctocon chion AR 1 6  1 0 2 . 1  4 . 0 5 3 . 9 6 9 5  1 1 2  1 .  5 6  0 . 4 0 7  1 . 1 3 0 . 2 6 8 
SR 1 4  1 0 0 . 2  5 . 0 6 5 . 0 5 9 1  1 0 8 

F ront al a r c  AR 1 6  1 2 8 . 6  5 . 2 4 4 . 0 7 1 2 0  1 3 8  1 .  7 7  0 . 3 0 8  2 . 0 7 0 . 0 4 8  
SR 1 4  1 2 5 . 1  3 . 9 4 3 . 1 4 1 2 0  1 3 4  

Parietal a r c  AR 1 6  1 3 2 . 0  7 . 8 7 5 . 9 6 1 1 2  1 4 5  1 .  3 0  0 . 6 2 4  0 . 1 4 0 . 8 9 1  
SR 1 4  1 3 1 . 6 8 .  9 7  6 . 8 1 1 1 8  1 5 1  

Occipital a rc AR 1 6  1 1 3 . 5  4 . 5 6 4 . 0 1 1 0 6  1 2 3  1 .  5 7  0 . 4 0 3 2 . 0 6 0 . 0 5 0  
SR 1 4  1 0 9 . 6  5 .  7 1  5 . 2 1 9 9  1 2 0  

F ront a l  curvatu re AR 1 6  1 4 . 5  1 .  8 4  1 2 . 6 9 1 1  1 8  1 .  5 6  0 . 4 1 0  7 . 9 3 0 . 0 0 0  
index SR 1 4  2 0 . 9  2 . 2 7 1 0 . 8 6 1 7  2 6  

Parietal cu rvature AR 1 6  2 8 . 8  3 . 1 2 1 0 . 8 3 2 2  3 3  3 . 1 8 0 . 0 4 9
2 

5 . 6 9 0 . 0 0 0  
index SR 1 4  2 2 . 9  1 .  7 3  7 . 5 5 2 0  2 7  

O c c ipital curvatu re AR 1 6  1 9 . 2  3 . 3 2 1 7 . 2 9  1 3  2 4  1 .  8 7  0 . 2 5 3  4 . 3 6  0 . 0 0 0  
index SR 1 4  2 6 . 0  4 . 4 7 1 7 . 1 9  2 0  3 4  

Gnathi c  i ndex AR 1 3  1 0 3 . 9  5 . 1 7 4 . 9 7 9 9  1 1 0  3 . 0 7 0 . 0 5 0
2 

1 . 1 9 0 . 2 1 3  
SR 1 4  1 0 1 . 7  2 .  9 3  2 . 8 8 9 7  1 0 7 

Foramen ma gnum- AR 1 6  1 4 6 . 2  5 . 6 1 3 . 8 3 1 3 8  1 5 8  1 .  4 7  0 . 4 8 3 4 . 3 7 0 . 0 0 0  
n a s ion° SR 1 4  1 5 5 . 4  4 . 5 8 2 . 9 4 1 4 8  1 6 1 

1 S e p i k  R i ve r  me an va lue l a rger than that f o r  the Arawe 
2 S i gn i f i cant F value , S t udent ' s  t c a l cu l at e d  u s i n g  separate vari ance e s t imate 

� 
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/( 
Figure 29 Midline cranial contours of two artificially deformed male Arawe (heavy lines) and an undeformed 

Tolai male from the Sepik River, northern New Britain 

bone become more similar and the frontal sub­
tense height decreases. However, the variable 
nature of the deformation process (pressure with 
which the bandages are applied and time period 
over which the process is continued) produces 
cranial vaults which are also varied in their 
morphological and metrical characteristics. For 
the Arawe males this has produced greater dis­
persion about the regression line, and a number 
of clear outliers, in the plot of frontal chord 
length (nasion-bregma) and subtense height. 

Magitot (1885) found that artificially 
deformed European crania were often dis­
tinguished by a marked prebregmatic bulge, or 
eminence, and a series of lateral depressions 
bordering the midline, halfway between nasion 
and bregma. Marked prebregmatic eminences 
are present in four of the Arawe male crania, 
with slight bulges in five others. Lateral 
depressions bordering the midline, sometimes 
two on each side, are well developed in seven of 
the males. These features are not present in the 
Sepik River crania. With head-binding the depth 
of the postorbital ophryonic groove appears to be 
slightly increased, giving a superficial impression 
of a frontal torus in the more robust males. A 
large glabella, relative to other Melanesian 
populations, is a feature of male crania from New 
Britain (Bonin 1936) and this persists in the 
deformed crania. There is no apparent change in 
the size of the superciliary ridges with 
deformation. 

Larnach (1974) demonstrated that in 
artificially deformed crania, pressure on the 
frontal resulted in an increase of curvature in the 
parietals. This change can be measured through 
the parietal curvature index. For this index the 
parietal chord (straight-line distance from 
bregma to lambda) and the parietal subtense 

(maximum perpendicular distance from the 
parietal chord to the maximum projection of the 
parietal curvature) are measured with coordinate 
calipers. Lamach found that the mean parietal 
curvature index of his deformed series was sig­
nificantly higher than that for undeformed crania 
and there was no overlap in range. He argued 
that this index could therefore be used to 
distinguish between deformed and undeformed 
crania. Although in this study the mean parietal 
curvature index of the Arawe is significantly 
higher than the Sepik River males (P = .OOO), thus 
supporting Lamach's general conclusions, there 
is considerable overlap in range for this index 
(Fig.31 ) .  The parietal curvature index remains an 
excellent indicator of artificial deformation but it 
cannot be used as the sole discriminator. The 
increased anteroposterior curvature of the 
parietals results in a marked reduction in parietal 
chord length (bregma-lambda), while the parietal 
arc dimension does not appear to be affected. 
Variation in the parietal curvature index is 
greater in the Arawe, than in the Sepik River 
series, with a significant value for Snedecor's F (P 
= .049). 

Goldstein (1940) noted that, apparently as a 
result of concurrent frontal and occipital flatten­
ing, a saddle-like depression often occurred in 
the anterior third of the parietal bones, beginning 
just behind bregma. Parietal saddles were 
present in eight of the 16 Arawe male crania, 
with the maximum depth of the depression 
reaching 4 mm. Parietal saddles were not 
present in any of the undeformed crania, from 
either Melanesia or Australia. 

Pressure on the sides of the vault during 
head-binding results in a lateral constriction of 
the Arawe parietals, with a reduction of maxi­
mum biparietal breadth. The lateral constriction 
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of the Arawe vaults, producing a somewhat 
conical neurocranium, does not extend far below 
the temporoparietal suture, with mean bi­
auricular breadth being significantly greater than 
in the Sepik River series (P = .047) (Table 30). In 
some of the more extremely deformed Arawe 
crania the parietals narrow to a marked point at 
vertex and vertex has a much more posterior 
location than in undeformed crania. 

As with the frontal and parietals, changes in 
occipital morphology resulting from head­
binding are most evident in lateral aspect 
(Fig.29). The Arawe occipitals are significantly 
longer (opisthion-lambda, P = .OOO) and flatter 
than those in the undeformed series, with little 
evidence of an occipital bun. The deformed 
occipitals give the impression of being pushed up 
and under the parietals and present a flatter 
posterior surface to the vault than in undeformed 
crania. 

An occipital curvature index was constructed 
using the chord length (opisthion-lambda) and 
the occipital subtense (maximum perpendicular 
distance from the occipital chord to the maxi­
mum projection of occipital curvature) measured 
by coordinate calipers. The occipital curvature 
index of the Arawe is significantly lower (P = 
. OOO) than in the Sepik River crania, with only a 
slight overlap in range (Table 30). With 
deformation the posterior edge of the foramen 
magnum is drawn upwards toward lambda. The 
upward movement of opisthion results in a 
reduction of the angle linking nasion-basion­
opisthion. The mean foramen magnum-nasion 
angle in the Arawe (146.2°) is significantly lower 
(P = .000) than the Sepik River mean (155.4°). 

One of the major distinguishing features of 
artificially deformed crania is a marked increase 
in cranial height (Kiszely 1978). Pressure on the 
front and back of the cranium forces the posterior 
third of the frontal and much of the parietals 
upwards. This results in the elevation of bregma 
and vertex (Fig.29) .  Arawe mean cranial height 
(basion-bregma) is significantly greater (P = .002) 
than that in the undeformed Sepik River crania 
(Table 30). 

Mean maximum cranial length (glabella­
opisthocranion) is not significantly greater in the 
Arawe, but there is a considerable difference in 
the mean location of opisthocranion. 
Opisthocranion, the most posterior midline point 
on the cranium, based on the Frankfurt Plane, is 
usually located posterior to lambda in 
Melanesian and Australian Aboriginal crania, 
especially those with a well developed occipital 
bun. In the Arawe the flattening of the occipital 
bone, combined with the upward and backward 

movement of the parietals, results in 
opisthocranion being placed at lambda or up to 
20 mm in front of it on the sagittal suture. 

Changes in facial morphology with head­
binding appear to be highly variable. Although 
there is no significant difference between the 
mean gnathic indices of the two Melanesian 
series (P = .213), the maximum gnathic index of 
the Arawe ( 116) exceeds both that recorded for 
the Sepik (107) and the maximum recorded for 
Aboriginal crania ( 112) .  There are no significant 
changes of facial breadth (supraorbital or bi­
ectoconchion) with deformation, but there is an 
apparent increase in upper facial height (nasion­
nasospinale, P = .050) and orbital height (P = 
.004). The upper margins of the orbits were 
noticeably displaced posteriorly in eight of the 
Arawe male crania. 

Blackwood and Danby (1955) sagittally 
sectioned four deformed Arawe crania and noted 
a medial thickening of the frontal bone 
immediately anterior to bregma. This was due to 
an expansion of the diploe, accompanied by a 
bulging of the outer table of the vault; the inner 
table remaining undisturbed. It is this expansion 
of the diploe which, in its maximum form, 
corresponds to the prebregmatic eminence . 
Lateral radiographs of the Arawe crania 
displayed the variable development of this 
feature. An expansion of the diploe anterior of 
bregma is often accompanied by a constriction of 
the diploe in the middle third of the frontal 
squama. This combination of prebregmatic 
thickening and constriction of the diploe in the 
middle third of the frontal was not present in the 
lateral radiographs of undeformed Melanesian 
and Australian Aboriginal crania which I 
examined. 

Coobool Creek, Kow Swamp-Cohuna and 
Murray Valley 

Descriptive and comparative statistical data 
for the Aboriginal samples can be found in 
Tables 4-5 and 8. Compared to the Murray 
Valley series, the Coobool Creek crania are 
characterised by significantly larger mean cranial 
dimensions and extreme morphological variation 
(Table 8, Figs 32-34) .  The most striking aspect of 
this variation is in the marked frontal recession 
evident in several of the male and female crania, 
frontal recession which in some instances is 
associated with a cranial height (basion-bregma) 
exceeding the recent Murray Valley range. 

Compared with the Murray Valley frontals, 
the Coobool Creek frontals are greatly elongated 
and flattened. Both the mean frontal chord 
(nasion-bregma) and frontal arc length of the 
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Figure 32 Lateral profiles of Coobool Creek crania 1-28 
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Figure 33 Lateral profiles of Coobool Creek crania 29-49 
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Figure 34 Lateral profiles of Coobool Creek crania 50-82 
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Coobool Creek male and female crania are sig­
nificantly longer than the respective sexes in the 
Murray Valley series (P = .016-.000) (Table 8). 
The frontal chord length of nine of the Coobool 
Creek males exceeding the Murray Valley male 
range. Similarly, Cohuna (126 mm), Nl (134 
mm), N2 (126 mm) and KS7 (124 mm) also have 
particularly elongated frontals. 

Ten of the Coobool Creek males and five of 
the females have frontal curvature indices below 
the Murray Valley range (males 20-26 and 
females 20-28). The mean frontal curvature 
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indices of the Coobool Creek sample (male n = 
22, x = 19.7, s = 3.19; female n = 9, x = 20.0, s = 
3.28) are significantly lower than the Murray 
Valley means (male n = 47, x = 22.6, s = 1 .56; 
female n = 52, x = 23 .4, s = 1 .84), with a signifi­
cant difference in variance indicated by Bartlett's 
x2 (Table 8). Histograms and normal probability 
plots of the Coobool Creek frontal curvature 
index data reveal distributional irregularities, 
with a long left tail and a gap in the distribution 
at a frontal curvature index of 17  (Fig.35). A plot 
of frontal chord length (nasion-bregma) against 
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Figure 35 Scatterplots, histograms and normal probability plots of frontal length and curvature measures in 
male crania from Coobool Creek and the Murray Valley 
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Figure 36 Midline cranial contours of Kow Swamp 5 (a), Coobool Creek 65 (b) and Nacurrie 1 (c), compared 
with a recent Murray Valley male (light line) 

its subtense height (metopion) in the Murray 
Valley males, indicates a fairly linear association 
(r = 0.683) (Fig.35). As the length of the frontal 
increases there is a corresponding increase in 
subtense height. In the Coobool Creek crania the 
regularity of this association is lost (r = -0. 175) 
and the points are widely dispersed about a 
regression line with a slightly negative slope. 
The distribution of the Coobool Creek data in 
Table 4 differs from that of the Arawe in Table 
30. The Arawe share a matrix of morphological 
and metrical features which are consistent with 
each of the crania being artificially deformed. As 
a group they are far more uniform than the 
Coobool Creek sample and this is reflected in the 
reduced level of variation for their cranial 
dimensions and the indices which have been cal­
culated from them. The extremely high level of 
variation in the Coobool Creek frontal curvature 
indices and length dimensions is consistent with 
a sample containing both artificially deformed 
and normal crania. 

In the most extreme example of frontal flat­
tening at Coobool Creek (CC65:Plate 6) the 
frontal is slightly concave in its middle third, 
with no evidence of a frontal boss and a 
prominent prebregmatic eminence. In this 
individual metopion is located only 47 mm in 
front of bregma. The frontals of Nl and 2, KS5 

and 7 and Cohuna display similar flattening in 
their middle thirds, with a posterior location of 
metopion in Nl and 2, KS7 and Cohuna (Fig.36) . 
There are moderate prebregmatic eminences in 
CC29 and 35, Nl, KS7 and Cohuna. Pre­
bregmatic eminences are not present in any of the 
Murray Valley crania or the mid-Holocene series 
from Barham. Lateral depressions bordering the 
midline of the frontal are well developed in CCl 
and 41,  Nl and KS5, with a slight development of 
this feature in CC12, 47 and 82 (Plates 1, 2, 8). 

Viewed laterally, the Coobool Creek parietals 
vary in curvature with greater variance, signifi­
cant in relation to the Coobool Creek females, 
than the Murray Valley series (Tables 4-5, 8). The 
parietal curvature indices of CCl (24.6), CC41 
(23.2}, CC65 (23.4), Cohuna (22.4), and Nl and 2 
(23.6) are towards the top of the Murray Valley 
range (17-24). There is also a high degree of 
anteroposterior curvature in the parietals of KS5, 
however, as bregma is not preserved the parietal 
curvature index can not be recorded (Fig.36). 
The parietal curvature indices of these crania 
from Coobool Creek, Nacurrie and Cohuna all 
fall within the lower limit for the Arawe (22-33). 
Parietal curvature in the Coobool Creek crania 
does not approach the extremes of the Arawe, 
with no evidence of either a marked pointing of 
the parietals towards vertex or lateral constric-
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tion. However, the degree of anteroposterior 
curvature in some crania, in association with a 
flattened midfrontal squama, is not found in 
recent or mid-Holocene crania from the central 
Murray Valley region (Figs 32-34, 36). Both mean 
biparietal and biauricular breadth in the Coobool 
Creek males and females are significantly greater 
(P = .000-.001 ) than in the Murray Valley sample 
(Table 8) .  There is no evidence of the lateral con­
striction of the vault as evident in the Arawe. 
Parietal saddles are not present in the Coobool 
Creek or Kow Swamp crania but there is a 
distinctive saddle in N2. 

Variation in the Coobool Creek occipitals is at 
a similar level to that for their frontal and parietal 
bones. The mean length (basion-lambda) of the 
Coobool Creek male and female occipitals is sig­
nificantly greater than that for the Murray Valley 
series (P = .OOO) (Fig.23) .  There is a tendency for 
the occipital curvature indices to be lower 
(Coobool Creek males n = 21,  x = 28.5, s = 3.50; 
females n = 5, x = 24.5, s = 6.42) than the Murray 
Valley males (n = 40, x = 29.3, s = 3.45), with 
curvature indices of CC7 (13 .4), CC41 (22.8) and 
CC65 (19.6) being below the Murray Valley range 
(24.0-37.0) (Tables 4-5). In CC65 the posterior 
third of the foramen magnum has been drawn 
upward towards lambda, presenting a similar 
appearance to that seen in some of the Arawe. 

One of the major distinguishing features of 
the Coobool Creek series is a high mean cranial 
height (basion-bregma) (Fig.37) .  Mean cranial 
height in the Coobool Creek male and female 
crania is significantly greater (P = .000) than the 
Murray Valley (Table 8), with the Murray Valley 
male maximum of 143 mm being exceeded by six 
of the Coobool Creek males and five of the 
Coobool Creek females exceeding the Murray 
Valley female maximum of 137 mm. The maxi-
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mum basion-bregma dimension in the Coobool 
Creek crania, 153 mm for CC5, exceeds the 
maximum recorded for Aboriginal crania (150 
mm for male BB102, author's observation). The 
great height of CC65, 49, 45, Nl (estimated) and 2 
and KSS (estimated), combined with a flattened 
midfrontal squama, high parietal curvature index 
and low occipital curvature index, gives these 
crania a midline cranial contour similar to the 
Arawe mean (Figs 29, 36) . 

The mean cranial length (glabella-
opisthocranion) of the Coobool Creek male and 
female crania is significantly greater than in the 
Murray Valley series (P = .002-.000) (Table 8). 
Opisthocranion is located well below lambda in 
the Coobool Creek crania with either a prominent 
occipital bun or pronounced occipital torus. In 
those crania with high parietal curvature indices 
and flat occipitals (CCl,  49 and 65) opistho­
cranion is located at lambda. In KS5 
opisthocranion is located just below lambda. 

Lateral radiographs taken of the Coobool 
Creek crania display a marked thickening of the 
diploe anterior to bregma in the frontals of CCl, 
29, 49 and 65. In CC65 it is this expansion of the 
diploe which results in a well developed pre­
bregmatic eminence, with a maximum vault 
thickness of 14.1 mm at this point (measured 
directly as compared with the 12 .1  mm obtained 
radiographically in Brown 1982:206) .  In CCl and 
65, as well as in KS5 and 7, Cohuna and Nl, this 
posterior thickening of the diploe is preceded by 
a constriction of the diploe in the middle third of 
the frontal . 

The distribution of the craniometric variables 
(modules and indices excluded) in the Coobool 
Creek and Murray Valley male samples was 
compared with that of a normal distribution 
using normal probability plots and the Shapiro-
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Figure 37 Box plots of cranial height (basion-bregma) dimensions in male and female Aboriginal crania from 
Coobool Creek, Barham, the Murray Valley, Swanport and Broadbeach 



Wilk statistic (Tables 4-5). Five cranial variables 
in the Murray Valley sample and 1 1  in the 
Coobool Creek series obtained significant values 
for W (P = .01-.005) .  Two variables, opisthion­
lambda and basion-asterion, displayed non­
normal distributions in both samples. Variables 
with distributional abnormalities in the Coobool 
Creek sample were length and breadth dimen­
sions of the occipital (basion-inion, biasterion, 
lambda-opisthion, and lambda-inion), frontal 
length (glabella-bregma, nasion-bregma), cranial 
breadth (biauriculare, biasterion, bisphenion) and 
the arc length of the parietal bones. Normal 
probability plots of the raw data (Fig.38) 
indicated that departures from normality were 
primarily associated with either bimodal distri­
butions, or extended distributions with a number 
of outliers. One variable, basion-inion, is 
markedly leptokurtic with a sharp peak at the 
middle of the distribution and extended tails. 

Levels of variation in the Coobool Creek male 
and female samples for the length and curvature 
dimensions of the frontal, parietal and occipital 
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bones, as signified by their coefficients of 
variation, are greater than those in the Murray 
Valley sample (Tables 4-5). Bartlett's M and its 
associated x2 test revealed that variation in 
frontal subtense height, inion-opisthion (males 
and females), parietal subtense height (females), 
frontal curvature index (males and females) and 
parietal curvature index (males) is significantly 
greater at Coobool Creek than in the Murray 
Valley (Table 8) .  The high levels of variation in 
these dimensions at Coobool Creek, combined 
with their unusual distributions, are what would 
be expected of a sample containing both arti­
ficially deformed and undeformed crania. 
Unfortunately, in common with the Arawe-Sepik 
River comparison, no single dimension or index 
clearly separates the Coobool Creek series into 
two discrete distributions one of which is clearly 
deformed, the other which is not. The morpho­
metric extremes are easily identified by eye but 
the fairly evenly graduated series linking these 
extremes is much more difficult to allocate to 
either group. 
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Figure 38 Normal probability plots of variables with non-normal distributions in male crania from Coobool 
Creek 
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DISCRIMINANT ANALYSIS 

Arawe and S epik River 

The main aim of the discriminant analysis was 
data reduction, to isolate those variables which 
best discriminate between the deformed Arawe 
and undeformed Sepik River crania. The step­
wise procedure of the discriminant analysis 
sought to maximise the Mahalanobis distance 
(D2) between the two groups. A variable was 
considered for selection only if its partial multi­
variate F ratio was larger than a specified value. 
The partial F ratio measures the discrimination 
introduced by the variable after taking into 
account the discrimination achieved by the other 
selected variables. If the partial F is too small, the 
variable is rejected. This stepwise procedure 
results in the optimal set of discriminating 
variables (Nie et al. 1975:448). 

For the initial discriminant run 18  variables 
were selected. These variables covered three 
general anatomical regions: the face, the cranial 
base and the vault. Although the majority of 
these variables had significant differences in 
mean values between the two groups (Table 30), 
this was not the only selection factor. I was also 
interested in those variables which would not 
discriminate between the two samples. The 
initial variable list comprised: maximum bi­
parietal breadth, glabella-opisthocranion, basion­
bregrna, basion-nasion, basion-nasospinale, 
basion-lambda, bisphenion, nasion-bregrna, 
frontal subtense height (metopion), nasion­
metopion, maximum supraorbital breadth, bi­
zygion, bizygomaxillare, opisthion-lambda, 
lambda-bregrna, nasion-nasospinale, nasal 
breadth, orbital height and parietal subtense 
height. 

The stepwise selection procedure reduced the 
initial 18 variables to nine in the final function. 
To ensure valid probabilities for F tests, Wilk's 
Lambda, xz, D2 and to reduce the size of the 
covariance matrix the selected variables were 
entered into a new discriminant analysis without 
the stepwise selection procedure. The selected 
variables were maximum biparietal breadth, 
basion-bregrna, bisphenion, nasion-bregrna, 
frontal subtense height (metopion), opisthion­
lambda, nasion-nasospinale, nasal breadth and 
parietal subtense height. Equality of the group 
covariance matrices was tested using Box's M 
and its associated F ratio (Box 1949). The F 
statistic was not significant at the 0.05 level, so it 
can be assumed that the covariance matrices are 
similar (Table 31) .  

Table 32 lists the standardised coefficients for 
the nine discriminating variables. These reveal 

that parietal subtense height was the best single 
discriminator, followed by opisthion-lambda and 
nasion-bregma. The remaining six variables 
were less important. This is in agreement with 
the univariate results, which demonstrate that 
parietal curvature and the length of the frontal 
bone are good discriminators between deformed 
and undeformed crania. The discriminant 
function correctly classified 100% of both groups, 
with a wide separation of the group centroids, 
large eigenvalue and small Wilk's Lambda 
(Fig.39, Table 33) .  

• 
• • • 

• • • • • • • •  

: -t : -� : q 
Sepi k  River x = -3 .786 

• • • • • 
• • • • • • • • •  

: � 
Arawe x = 3 . 5 1 6  

Figure 39 Canonical discriminant function score 
distribution for male crania from 
Arawe and the Sepik River 

Coobool Creek and Murray Valley 

The nine variables selected in the preceding 
analysis were then used in a stepwise discrimi­
nant function analysis of the Coobool Creek and 
Murray Valley male crania. The stepwise 
procedure reduced the initial nine variables to 
eight, with parietal subtense height not con­
tributing to the discriminatory power of the 
function (Table 32). The exclusion of parietal 
subtense height is of importance, as this was the 
major discriminator between the Arawe and 
Sepik River crania. An examination of the 
parietal curvature indices for the Coobool Creek 
crania indicated that only two of the crania 
included in the discriminant analysis (CC41 and 
65) had relatively high parietal curvature indices. 
In contrast to the Arawe-Sepik River comparison 
(Table 30) there is not a significant difference 
between mean parietal subtense height, or 
parietal curvature index, in the Coobool Creek 
and Murray Valley crania (Table 8). Using the 
eight selected variables and a non-stepwise 
procedure a new discriminant analysis was per­
formed to calculate accurate significance levels. 

A comparison of the group covariance 
matrices using Box's M obtained a significant F 
level and the covariance matrices were therefore 
unequal (Table 31 ). A major alteration in the 
normal pattern of size relationships between the 
individual skeletal elements is evident in the 
Coobool Creek crania. This is reflected in high 
levels of variation, skewed distributions and low, 
or negative, correlations between some variables. 
These results differ from the homogeneity of 



Table 31 Test of equality of  group covariance matrices using Box's M 

F Degree s of 
Box ' s M stat i stic freedom 

Arawe -S e p i k  River 0 .  7 1 9 5  0 . 9 6 0 9  4 5 , 2 0 2 6 . 8  
Cooboo l  C reek -Mu r ray Va l l ey 0 . 9 7 5 5  2 . 0 3 2 0 3 6 ,  2 1 0 0 . 7  
Arawe -Sep i k  River-Coobool 

Creek -Murray Va l l ey 0 . 2 6 6 6  1 .  4 2 5 0  1 3 5 ,  5 5 9 9 . 1  

Table 32 Standardised canonical discriminant function coefficients 

Bipa r i et a l  breadth 
B a s ion -br egma 
B i s phen i o n  
N a s ion -bregma 
F ront al s ubten s e  he ight 
Opi sthion - l ambda 
N a s ion-na s o s p i n a l e  
N a s a l  bre adth 
P a r i e t a l  subt en s e  height 

Sepik River­
Arawe 

- 0 . 8 3 9 7  
- 0 . 4 8 9 6  

0 . 6 2 8 3  
1 . 1 6 7 1  

- 1 .  4 9 1 2  
0 . 9 8 3 3  

- 0 . 3 4 2 8  
0 .  6 1 6 5  
1 .  4 1 3 4  

Coobool Creek ­
Murray Valley 

- 0 . 5 0 1 3  
- 0 . 3 6 1 2  

0 .  3 5 7 1  
- 0 . 2 3 7 7  

0 . 4 2 2 6 
- 0 . 3 4 5 4  
- 0 . 3 2 2 7  
- 0 . 3 2 2 7  

Proba -
bility 

0 . 5 4 6 5 
0 . 0 0 0 3  

0 . 0 0 1 0  

Table 33 Eigenvalues, Wilk's Lambda and canonical correlations for the three disciminant analyses 

Variance Canonical Wilk ' s 
Eigenvalue % correlation Lambda 

Sepik River-Arawe 2 8 . 3 5 6  1 0 0 0 . 9 8 2  0 . 0 3 4 0 
Coobool C re e k-Murray Va l l ey 
Sepik Rive r-Arawe-Coobool 

2 . 1 9 7  1 0 0 0 . 8 2 9  0 . 3 1 2 7  

Creek -Murray Va l l ey 
Funct ion 1 4 . 9 1 2  7 8  o .  9 1 1  0 . 0 6 0 2  
Funct ion 2 1 .  0 3 4  1 6  0 . 7 1 3  0 . 3 5 6 4  
Funct ion 3 0 . 3 7 8  6 0 . 5 2 3  0 . 7 2 5 4  

Degrees 
of Proba-

x2 freedom bility 

5 5 . 7 9 6  9 0 . 0 0 0 0  
7 2 . 6 6 0  8 0 . 0 0 0 0  

2 0 9 . 2 4 0  2 7  0 . 0 0 0 0  
7 6 . 8 4 3  1 6  0 . 0 0 0 0  
2 3 . 9 1 3  7 0 . 0 0 1 2  

00 � 
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covariance demonstrated in the Arawe-Sepik 
River comparison. The high degree of variation 
in the Coobool Creek series, and the contrast 
with the Murray Valley, Sepik River and Arawe 
crania, reinforce the univariate and morpho­
logical results in suggesting that this is a mixed 
sample of deformed and undeformed crania. 

and 95.2% of the Murray Valley crania are 
correctly classified by this function. The dimen­
sions which distinguish the Arawe from the 
Sepik River crania also clearly distinguish the 
Coobool Creek from the Murray Valley crania, 
although not to the same degree. 

Murray Valley, Coobool Creek, Arawe and 
Sepik River 

The standardised coefficients computed for 
the discriminating variables (Table 32) indicate 
that maximum biparietal breadth is the most 
important discriminator, followed by frontal 
subtense height (metopion), with the remaining 
variables contributing fairly equally. A plot of 
the canonical discriminant function scores 
(Fig.40) demonstrates the greater dispersion in 
the Coobool Creek sample, as defined by the dis­
criminating variables, compared to the Murray 
Valley series. All of the Coobool Creek crania 

A four-way comparison was undertaken 
using the initial nine variables. The higher 
variance in the Coobool Creek group, relative to 
that in the Arawe, Sepik River and Murray 
Valley, resulted in inequalities in the covariance 
matrices and a significant F value for Box's M 
(Table 31) .  Three functions were developed, the 
initial function accounting for 77.6% of the 
variance, with a higher eigenvalue and lower 

Figure 40 

Figure 41 
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Wilk's Lambda, and the other two functions 
being of less importance (Table 33). 

Of greatest interest here was a plot of the 
canonical discriminant function scores (Fig.41 ) 
and group classification results. The Murray 
Valley and Sepik River crania cluster together, 
with little distance between their respective 
group centroids. The Arawe and to a lesser 
extent the Coobool Creek crania can be clearly 
distinguished from these two groups. The 
probabilities of group misclassification indicated 
that three of the Coobool Creek crania (CC65, 49 
and 41) were most likely to be classified with the 
Arawe after their own group. 

DISCUS SION 

Combining the morphological, univariate and 
multivariate analyses makes it clear that several 
of the crania from Coobool Creek, Kow 
Swamp/Cohuna and Nacurrie are artificially 
deformed. The crania which show obvious signs 
of deformation are Coobool Creek crania CCl, 
41,  49, 65, 66 and 81, Nl and 2, Kow Swamp 
crania KS5 and 7 and Cohuna. Both the Arawe 
and Coobool Creek samples could be clearly dis­
tinguished in the discriminant analysis from the 
other two groups. Three of the Coobool Creek 
crania (CC41, 49 and 65) cluster closer to the 
Arawe mean than the Murray Valley. The 
features which differentiate these crania and the 
Arawe from undeformed crania are: 
1 .  A long flat frontal bone. Battening of the frontal is 
evident in the middle third with a posterior location of 
metopion. A pronounced thickening of the diploe 
occurs anterior to bregma, with a thinning of the 
diploe in the middle third of the frontal. Symmetrical 
depressions border the midline in the anterior two­
thirds of the bone. 
2. Great cranial height (basion-bregma). 
3 .  The anteroposterior curvature of the parietal bones 
is increased (high parietal curvature index) . 
4. An occipital bone which when viewed laterally is 
elongated and flattened, with a low occipital curvature 
index and minimal development of the occipital bun. 
Opisthocranion is located near lambda and the 
posterior border of the foramen magnum may be 
orientated towards lambda resulting in a low nasion­foramen magnum angle. The area of attachment for the 
semispinalis capitas and trapezius muscles become 
more rugose and depressed . 

The major features which distinguish the 
Arawe from crania such as KS5 and CC65 relate 
to the greater degree of deformation evident in 
the Arawe, especially in the parietals, and the 
well developed cranial breadth in the Australian 
crania. In the Arawe head-binding restricts the 
lateral development of the parietals, forcing them 
inward and upward. In direct contrast to this, 
the Australian crania which appear to have been 
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artificially deformed all have great biparietal 
breadth. This suggests that the Aboriginal crania 
could not have been deformed by a fixed series 
of head-bindings such as those employed by the 
Ara we. 

I can find only three ethnographic references 
to intentional cranial deformation among 
Australian Aborigines. In 1841 G.A. Robinson 
(Kenyon 1928:165) recorded that a few of the 
children of the Burrumbeet of northern Victoria 
had their heads artificially flattened. Robinson 
does not describe the method by which the crania 
were deformed and makes no other reference to 
the practice. On the available evidence I am a 
little sceptical of Robinson's observation. There 
are over 1000 'recent' Aboriginal crania from 
northern Victoria and the Murray Valley in 
Australian museum collections. None of these 
show any evidence of being artificially deformed. 

Brierly (1848-50) and Macgillivray (1852) both 
present detailed descriptions of infant head­
pressing in Cape York. 'Pressure is made by the 
mother with her hands . . .  one being applied to 
the forehead and the other to the occiput, both of 
which are thereby flattened, while the skull is 
rendered proportionally broader and longer than 
it would naturally have been' (Macgillivray 
1852:12) .  Further north, in the islands of Torres 
Strait, head-pressing was recorded by Miklouho­
Maclay (1882) and Haddon (1912(4):7-9) .  In his 
report Haddon describes the head-pressed crania 
at Mabuiag as being 'low in the forehead, flat at 
the back and not too well developed above'. 

Head-pressing would produce a more subtle 
and variable deformation of the vault than head­
binding and this is probably the method 
employed on the deformed crania from Coobool 
Creek, Nacurrie and Kow Swamp. At Coobool 
Creek and Kow Swamp there is a gradation from 
the crania that are obviously deformed into those 
which show no evidence of deformation. This 
creates problems of definition. Three crania at 
Coobool Creek (CC35, 41 and 66) and one at Kow 
Swamp (KSl ) have long flat frontal bones with­
out possessing great cranial height. The frontal 
curvature indices for each of these crania (r = 

14.3-15.8) are well below the modem Murray 
Valley range (20-26, Table 5) and the length of the 
frontals (nasion-bregma chord 1 19-128 mm) is 
either at the top of, or exceeds, the modern range 
(102-120, Table 5). Cranial height (basion-bregma 
139-142 mm), while towards the top of the 
modem range (126-143 mm, Table 5), is not great 
given the overall size of the crania. Parietal 
curvature indices in the three Coobool Creek 
crania (r = 22-23) are relatively high (Murray 
Valley male range 17-23, Table 5), while that in 
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KSl is only moderate (19) .  The Coobool Creek 
occipitals are close to the modem mean in length 
(opisthion-lambda 98-105 mm) and curvature 
index (r = 25-30), with the occipital in KSl suf­
fering from postrnortem damage and distortion. 

Whether or not these four crania are classified 
as artificially deformed ultimately depends on 
subjective factors of weighting. It is conceivable 
that crania of this morphology could be 
produced by head-pressing, with gross 
deformation evident only in the frontals, but a 
survey of the literature on artificial cranial 
deformation does not reveal any similar crania. 
The difficulty is increased through the lack of 
adequate reference material . The artificially 
deformed crania in Australian museums were 
collected primarily for their novelty value, with 
the grossly deformed crania possibly being over­
represented. A more complete study would look 
at the interpopulation gradation from the 
deformed to the undeformed range. Ethno­
graphic accounts of artificial deformation all 
stress the great within-population variability in 
the shape of deformed crania (Dingwall 1931) .  

The isolation of anatomical regions unaffected 
by deformation is a necessary prerequisite to 
morphological analysis of comparative biological 
relationships. Although this area has received 
some attention in respect to artificially deformed 
American Indian crania (Shapiro 1928; Oetteking 

1930; McNeil and Newton 1965; Hughes 1968; 
Cybulski 1975), similar analyses are not available 
for populations with differing modes of 
deformation. 

Due largely to intrapopulation variation in the 
deformation process, with associated differences 
in adult head shape, analyses of the anatomical 
regions unaffected by deformation have pro­
duced conflicting results. McNeil and Newton 
(1965) document extensive alteration in cranial 
base morphology with deformation, while 
Hughes (1968) found that basal and facial 
measurements remain unaffected. Brothwell 
(1965:72) indicates that upper facial height is the 
only dimension unlikely to be influenced by 
cranial deformation. With extreme deformation, 
Cybulski (1975:65) argues that the effects extend 
throughout the entire cranium. 

With the Coobool Creek and Kow Swamp 
crania the isolation of those anatomical regions 
least influenced by deformation is complicated 
by temporal factors, most notably the large size 
of the crania. Although the samples are small, 
some control on this can be gained through a 
comparison of the Coobool Creek crania which 
show some evidence of deformation (frontal 
curvature index below 19.0: CC16, 29, 35, 41,  49, 
51, 65, 66 and 82), with those that do not (CC5, 8, 
10, 13, 23, 28, 36, 37, 45, 46, 71 , 75 and 76) (Table 
34).  

Table 34 Comparison of cranial indices and dimensions of the facial skeleton in 
undeformed (n = 13) and deformed (n = 9) Coobool Creek male crania 

Student ' s  P roba -
n jt • t bility 

F ront a l  c u rvatu re 1 3  2 1 . 8 1 .  6 5  6 . 2 4 0 . 0 0 0  
i ndex 9 1 6 . 6  2 . 2 3 

P a r i e t a l  cu rvature 1 3  1 9 . 7  1 .  6 6  1 .  6 1  0 . 1 2 3  
i ndex 9 2 1 . 1  2 . 1 6 

O c c i p i t a l  curvature 1 2  3 0 . 1  2 . 5 4 2 . 7 9  0 . 0 1 2  
index 9 2 6 . 3  3 . 5 9 

Gnath i c  i ndex 9 1 0 5 . 7  3 .  7 1  1 .  0 9  0 . 2 9 2 
6 1 0 3 . 7  2 . 6 3 

B i zygomax i l l a re 8 1 0 1 . 0 5 . 1 8 0 . 4 8 0 . 6 3 7  
7 1 0 2 . 1  3 .  7 1  

Orb i t a l  hei ght 1 1  3 1 . 6 2 . 8 3 0 . 0 6 0 . 9 5 2  
7 3 1 . 7 2 . 2 8  

Orb i t a l  breadth 1 1  4 4 . 3  2 . 3 2 1 .  4 1  0 . 1 7 7  
8 4 3 . 0  1 . 1 9  

N a s ion-pro sthion 9 7 4 . 3  3 . 2 0  0 . 8 8 0 . 3 9 0 
7 7 5 . 8  3 . 6 7 

N a s ion-n a s o spina l e  1 0  5 4 . 2  3 . 4 5 0 . 2 4 0 . 8 1 4  
7 5 4 . 5  2 . 6 3 

N a s a l  breadth 1 1  2 9 . 8  1 . 3 2 1 .  4 2  0 . 1 7 2  
8 2 8 . 8  1 . 5 5 

Alveo l a r  length 9 6 5 . 7  2 . 2 9  1 .  5 4  0 . 1 4 3 
8 6 3 . 7  2 . 8 1 

Alveo l a r  breadt h  9 7 3 . 1  4 . 6 7 0 . 6 6
1 

0 . 5 1 9  
7 7 1 . 8 1 .  9 5  

1 s ign i f i c a n t  d i f fe re n c e  i n  v a r i ance indicated b y  
B a r t l e t t ' s  X2 ( P  = . 0 4 4 ) , S t ude n t ' s  t c a l cu l at e d  
u s i n g  s e p a r a t e  v a r i ance e s t ima t e  



Comparison of facial height, breadth and 
prognathism data for these two subsamples . 
(Table 34) did not obtain significant differences 
between mean values. The same morphological 
pattern of low horizontal orbits, robust and deep 
malars, great supraorbital breadth, marked 
prognathism and broad palates is common 
throughout. As would be expected given the 
selection criteria, there are significant differences 
between the subgroup means for frontal curva­
ture index and parietal curvature index. These 
results suggest that the effects of cranial 
deformation, at Coobool Creek, have had little 
influence on the growth and development of the 
associated oro-facial skeletons. 

Temporal change in Murray Valley crania: 
correlation and discriminant function analysis 

In their multivariate statistical comparison of 
the Kow Swamp crania with a 'modern' 
Victorian series, Thorne and Wilson (1977) found 
that the major morphological changes have 
occurred in the facial and frontal regions of 
Aboriginal crania from northern Victoria over the 
last 9000-10,000 years. Pietrusewsky (1979) 
obtained similar results. The most aberrant 
sample in his entire analysis was Kow Swamp, 
which failed to cluster with any of the other pre­
historic or modern samples. The results of the 
analysis of cranial deformation indicate that in 
order to obtain biologically meaningful results, 
analysis of temporal change using the Coobool 
Creek and Kow Swamp crania should be 
restricted to those areas of the cranium unaf­
fected by deformation. This has not been the 
procedure employed in some of the published 
multivariate comparisons of the Kow Swamp 
series (Thome and Wilson 1977; Pietrusewsky 
1979).  In these analyses, variables which have 
been influenced by deformation, especially those 
relating to the length and curvature of the frontal 
bone have been included. Therefore, their results 
contain both a cultural and biological component 
(Brown 1987a). The difficulty in these analyses is 
to differentiate one from the other. 

For the multivariate analysis of temporal 
change in the size and shape of crania from the 
Murray Valley, variables were selected from 
those areas of the oro-facial skeleton which did 
not appear to have been influenced by cranial 
deformation. An alternative approach, which 
would increase variable coverage, would have 
been to include only those crania which do not 
appear to be artificially deformed. There are 
major problems associated with this procedure 
however. Most importantly, due to the 
morphological gradation from the deformed to 
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the undeformed range, there is some degree of 
subjectivity involved in allocating crania to either 
group. This is particularly difficult with the 
fragmentary crania from Kow Swamp. In 
addition this procedure would severely restrict 
the size of the sample. 

An initial series of 12 variables were 
examined. Five of these are measures of upper 
facial breadth (maximum supraorbital breadth, 
bizygomaxillare, biectoconchion, orbital breadth 
and nasal breadth), four of facial height (nasion­
nasospinale, nasion-prosthion, nasospinale­
prosthion and orbital height) and the final three 
variables were alveolar breadth, alveolar length 
and basion-nasospinale. The selection of these 
variables excluded Broadbeach from the analysis 
as I did not have orbital height or nasal breadth 
dimensions for this population. Each of these 
variables, by population and by sex, was com­
pared with the normal distribution using the 
Shapiro-Wilk statistic and normal probability 
plots (Tables 4-6). Two variables obtained sig­
nificant values for W (P = .01-.005). These 
variables are orbital height (Murray Valley males 
and females) and orbital breadth (Swanport and 
Coobool Creek males). In each instance, due to 
an inadequate measurement scale, the distribu­
tions showed a clustering of points around the 
median and abrupt tails (kurtosis). It would 
have been better to record these dimensions to 
the nearest 0.5 mm than to the nearest millimetre. 

The association of the variables considered for 
discriminant function analysis was examined 
using Pearson's correlation coefficient. Correla­
tion matrices were developed from the largest 
sample, the Murray Valley, to examine possible 
sex-based variation in correlation, the effect of 
the distance between the male and female means 
on the size of the correlation, topographical and 
biological correlation, and to assist in identifying 
possibly redundant variables (Tables 35-37) . 

Matrices were formed using the convention of 
listwise deletion of missing data, a procedure 
which excludes crania with missing data from 
the analysis. This reduced the size of the male 
group to 46, the pooled-sex series to 99, while the 
females remained at 53. For samples of 46-53 a 
correlation coefficient of r = .288-.273 is signifi­
cant at the .05 level, while for the pooled-sex 
sample of 99 a correlation coefficient of r = . 195 is 
significant at the .05 level . Scatterplots were pro­
duced for selected correlates and examined for 
distributional linearity, dispersion, the location of 
any outliers and, in the pooled-sex sample, the 
distance between the male and female clusters. 

In each of the matrices there are high levels of 
correlation (r = 0.70-0.85) between the upper 
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Table 35 Pearson's linear correlation coefficient matrix for the 12  oro-facial variables considered for the 
discrimininant function analyses, Murray Valley male (n = 46) crania 

2 3 4 5 6 7 8 g 1 0  1 1  1 2  
1 0 . 2 2 - 0 . 0 3 0 . 2 0  0 . 2 2 0 . 2 2 0 . 4 4 0 . 6 5 0 . 7 3 0 . 4 1 0 . 2 5 0 . 4 1 
2 - 0 . 0 6 0 . 1 5 0 . 0 7 0 . 5 1 0 . 0 9 0 . 2 5 0 . 3 7 0 . 3 2 0 . 6 5 0 . 0 6 
3 0 . 4 9  0 . 0 6 0 . 0 3 0 . 0 4 - 0 . 1 0 - 0 . 1 9 - 0 . 0 3 0 . 0 6 0 . 1 4 
4 0 . 6 7 - 0 . 1 0 0 . 2 4 0 . 0 4 0 . 0 9 0 . 2 8 0 . 4 1 0 . 3 2 
5 - 0 . 2 7 0 . 1 1 - 0 . 0 3 0 . 0 7 0 . 2 6 0 . 1 4 0 . 2 0 
6 0 . 1 7 0 . 2 1 0 . 3 2 0 . 3 0 0 . 4 2 0 . 2 1 
7 0 . 2 7 0 . 3 2 - 0 . 0 7 0 . 0 1 - 0 . 0 2 
8 0 . 8 0 0 . 3 8 0 . 3 1 0 . 2 6 
g 0 . 3 5 0 . 3 2 0 . 3 6 

1 0  0 . 4 5 0 . 4 9 
1 1  0 . 2 1 

1 S up r a o rb i t a l  breadth 5 N a s o sp i n a l e -p r o s t h i o n  9 B i e c t o c o n ch i o n  
2 B i z ygomax i l l a re 6 N a s a l  breadth 1 0  A l ve o l a r  length 
3 N a s i o n - n a s o sp i n a l e  7 O rb i t a l  he ight 1 1  A l ve o l a r  breadth 
4 N a s i o n - p r o s t h i o n  8 Orb i t a l  breadth 1 2  B a s i o n - n a s o sp i n a l e  

Table 36 Pearson's linear correlation coefficient matrix for the 12 oro-facial variables considered for the 
discriminant function analyses, Murray Valley female (n = 53) crania 

2 3 4 5 6 7 8 g 1 0  1 1  1 2  

1 0 . 6 0 0 . 2 8  0 . 2 8 0 . 0 8 0 . 4 1 0 . 1 5 0 . 6 6 0 . 8 4 0 . 1 8 0 . 3 0 0 . 2 7 
2 0 . 3 2 0 . 3 7 0 . 1 7 0 . 3 5 0 . 0 9 0 . 4 0 0 . 6 7 0 . 2 8 0 . 5 1 0 . 3 3 
3 0 . 6 5 - 0 . 0 4 0 . 2 3 0 . 3 1 0 . 1 8 0 . 2 6  0 . 0 1 0 . 2 4 0 . 3 1 
4 0 . 7 0 0 . 2 5 0 . 3 5 0 . 3 7 0 . 4 0 0 . 5 3 0 . 5 6 0 . 3 3 
5 0 . 1 2 0 . 2 0  0 . 3 2 0 . 2 8  0 . 7 2 0 . 5 5 0 . 1 3 
6 0 . 0 5 0 . 3 7 0 . 5 0 0 . 2 0 0 . 3 3 0 . 2 3 
7 0 . 2 5 0 . 3 1 - 0 . 0 9 - 0 . 0 5 0 . 0 5 
8 0 . 7 9 0 . 3 9 0 . 4 9 0 . 2 1  
g 0 . 3 0 0 . 4 9 0 . 3 4 

1 0  0 . 5 1 0 . 4 2 
1 1  0 . 3 1 

1 S up r a o rb i t a l  breadth 5 N a s o sp i n a l e - p r o s t h i o n  9 B i e ct o c o n ch i o n  
2 B i z ygomdxi l l a re 6 N a s a l  breadth 1 0  A l ve o l a r  l e n g t h  
3 N a s i o n - n a s o s p i n a l e  7 O rb i t a l  h e i gh t  1 1  A l ve o l a r  breadth 
4 N a s i o n - p r o s t h i o n  8 O rb i t a l  breadth 12  B a s i o n - n a s o sp i n a l e  

Table 37 Pearson's linear correlation coefficient matrix for the 1 2  oro-facial variables considered 
for the discriminant function analyses, Murray Valley pooled sex (n = 99) crania 

2 3 4 5 6 7 8 g 1 0  1 1  1 2  

1 0 . 5 3 0 . 2 4  0 . 4 0 0 . 2 7 0 . 4 4 0 . 3 3 0 . 7 1 0 . 8 3 0 . 4 3 0 . 4 4 0 . 4 6  
2 0 . 2 4 0 . 4 3 0 . 2 7 0 . 5 3 0 . 1 6 0 . 4 7 0 . 6 4 0 . 4 5 0 . 6 7 0 . 3 9  
3 0 . 6 3 0 . 1 7 0 . 2 6  0 . 2 0  0 . 2 1  0 . 2 2 0 . 2 0 0 . 3 4 0 . 3 6  
4 0 . 7 4 0 . 2 9  0 . 3 5 0 . 4 2 0 . 4 9 0 . 5 8 0 . 6 5 0 . 5 1 
5 0 . 1 1 0 . 2 2 0 . 3 1 0 . 3 6  0 . 5 9 0 . 4 9  0 . 3 4 
6 0 . 1 9 0 . 4 5 0 . 5 5 0 . 4 3 0 . 5 4 0 . 3 9  
7 0 . 3 2 0 . 3 6 0 . 0 4 0 . 1 1 0 . 1 0 
8 0 . 8 5 0 . 5 6  0 . 5 8 0 . 4 3 
9 0 . 5 3 0 . 6 1 0 . 5 3 

1 0  0 . 6 6 0 . 6 0 
1 1  0 . 5 0 

1 S up r a o rb i t a l  bre adth 5 N a s o sp i n a l e - p r o s t h i o n  9 B ie c t o co n ch i o n  
2 B i z ygomax i l l a re 6 N a s a l  breadth 1 0  A l ve o l a r  length 
3 N a s i o n - n a s o sp i n a l e  7 O rb i t a l  h e i ght 1 1  A l ve o l a r  breadth 
4 N a s i o n - p r o s t h i o n  8 O rb i t a l  breadth 1 2  B a s i o n - n a s o sp i n a l e  



facial breadth variables (supraorbital breadth, 
orbital breadth and biectoconchion). These are 
all dimensions of a closely related anatomical 
region, with 50-60% of the variation shared 
between them. The inclusion of each of these 
variables in a multivariate procedure would 
involve a good deal of redundancy. The facial 
height variables (nasion-prosthion, nasion­
nasospinale and nasospinale-prosthion) tend to 
share moderate levels of correlation. Two of 
these variables share a common reference point, 
either nasion or nasospinale, but even so the 
levels of correlation are lower than I would have 
predicted. A probable source of variability is the 
ongoing functional change in the alveolar seg­
ment with deposition of alveolar bone in 
response to marked occlusal tooth wear and 
facial height adjustment (Murphy 1959). The 
single measure of facial prognathism, basion­
nasospinale, maintained a consistently moderate 
level of correlation (r = 0.42-0.60) with alveolar 
length. For the remaining variables there is not a 
uniform pattern of association, apart from 
generally low levels of correlation. Overall, the 
size of the correlation coefficients were slightly 
increased in the pooled-sex sample due to the 
separation of the male and female means. 

DISCRIMINANT FUNCTION ANALYSIS 

A series of discriminant function analyses 
were performed to select the optimum set of dis­
criminating variables and to eliminate any 
redundant information. Variable selection was 
constrained by the fragmentary condition of a 
number of the Coobool Creek facial skeletons. In 
particular, the female Coobool Creek sample is of 
small size (n = 9) and with missing data this 
group is reduced to five individuals. This small 
sample resulted in a singularity in the Coobool 
Creek covariance matrix in discriminant runs, 
which prevented comparison of the group 
covariance matrices and the calculation of Box's 
M. In order not to compromise the results of the 
final discriminant analysis, this analysis was 
restricted to the three male groups (Coobool 
Creek, Murray Valley and Swanport) with 
sufficiently large samples and complete data sets. 
Poor preservation and small sample sizes also 
excluded the Kow Swamp and Barham groups 
from the analyses. 

A series of two-group discriminant function 
analyses was performed, using a stepwise 
selection procedure which maximised the 
Mahalanobis distance between groups and 
resulted in the optimum set of discriminating 
variables. In two-group comparisons the 
recovery and interpretation of the statistical 
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information developed by the analyses is simpli­
fied relative to analyses involving more than two 
groups, with more than one function produced. 
The initial variables were basion-nasion, 
supraorbital breadth, nasion-prosthion, alveolar 
length, alveolar breadth, orbital height and nasal 
breadth. The inclusion of alveolar breadth and 
nasal breadth did not improve the discriminatory 
power of the final functions in any of the com­
parisons with Coobool Creek and so they were 
excluded. A further series of discriminant 
analyses were performed using a fixed selection 
procedure and the variables basion-nasospinale, 
supraorbital breadth, nasion-prosthion, alveolar 
length and orbital height to calculate reliable sig­
nificance levels for the associated statistics. 

The initial discriminant function analysis is 
between male and female crania from the Murray 
Valley. This sex-based interpopulation variation 
is then contrasted with the intrapopulation 
variation between the male samples. The four 
two-group comparisons are followed by a three­
group analysis containing the male groups. The 
purpose of this analysis is an examination of the 
probabilities of misclassification, matrix of pair­
wise F ratios, Mahalanobis distances (02), eigen­
values, Wilk's Lambda, canonical correlations 
and plots of the discriminant function scores. 

Results 
Homogeneity of covariance was tested in each 

of the discriminant analyses using Box's M (Table 
38). None of the associated F values are signifi­
cant at the 5% level, indicating that there are only 
minor inequalities in dispersion present. These 
results differ from those of Brown (1982:233) 
where a larger variable set obtained a a signifi­
cant value for Box's M in the Murray Valley 
male-female comparison. 

Murray Valley male and female crania 

These two groups are the second closest in the 
analysis (D2 = 3.71 )  after the Murray Valley and 
Swanport males (D2 = 2.02). A plot of their 
canonical discriminant function scores indicates 
that there is considerable overlap in range and 
little distance between the group means (Fig.42). 
The group classification results reveal that 
78 .38% of the male crania and 81 .0% of the 
females were correctly allocated by the function. 
The relative importance of the final function is 
indicated by its associated Wilk's Lambda and 
canonical correlation. In this analysis the low 
canonical correlation and moderately high Wilk's 
Lambda demonstrate that this function is less 
successful at discriminating between the two 
groups than are the functions in the Coobool 
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Table 38 Test for the equality of group covariance matrices using Box's M 

Box ' s M 

Murray Va l l ey 
mal e - fema l e  0 . 6 7 3  

Coobo ol C re e k -Mur ray 
Va l l ey ma l e  0 . 8 3 2  

Coobool Creek -Swanport 
mal e  0 . 5 6 0  

Mur ray Va l l ey -Swanport 
mal e  0 . 8 7 3  

Coobo ol Creek -Murray 
Va l l ey- Swanpo rt ma l e  0 . 2 3 5  

• • 

F Degree a of 
stat i st i c  freedom 

• 
• 

1 .  0 2 7  5 5 , 2 7 2 8 7 . 9  

0 . 9 3 0  5 5 , 

0 . 7 4 6  5 5 , 

1 . 1 7 4  5 5 , 

1 .  0 2 0  1 1 0 ,  

Murray Valley male 
n = 45,  x = 0 .934 

I 
• • • • 
• • • • 

1 3 4 3 . 9  

1 8 5 0 . 1  

2 7 2 1 . 5 

3 2 7 1 . 1  

• • • • • • •  
• • • • • • • • • • 

P roba-
bility 

0 . 1 4 2 7  

0 . 5 5 0 9  

0 . 7 9 5 1  

0 . 1 5 7 2  

0 . 3 1 5 0  

• • • •  • • • • • • • • • • • • 

1 -4 I 
-3 

I I I 
-2 -1 0 

• • • • • • • • • • • • • • • • 
• • • • • • • • • • •  • 
• • •  • • • • •  

• • • • • 
• • • 
• • 
• • 

• 
• 

Murray Va lley fema le 
n = 50, x = -0 .841  

I I 
2 3 

I 
4 

Figure 42 Canonical discriminant function score distribution for Murray Valley male and female oro-facial 
skeletons 

Table 39 Canonical correlations, Wilk's Lambda, F statistic and x2 for the five discriminant analyses 

Degrees 
Canonical Wil k '  a F of P roba -

correlation Lambda stati stic x2 freedom bil ity 
Mu rray Va l l ey 

ma l e - fema l e  0 . 6 6 7  0 . 5 5 5  1 4 . 2 7 7  5 3 . 3 0 0  5 0 . 0 0 0  
Coobool Creek -

Mu r ray Va l l ey 0 . 8 0 3  0 . 3 5 5  1 9 . 2 3 8  5 6 . 4 0 4  5 0 . 0 0 0  
Coobo ol Creek - Swanp o rt 0 . 8 8 8  0 . 2 1 2  2 2 . 3 3 9  4 8 . 9 0 3  5 0 . 0 0 0  
Mu rray Va l l ey -Swanport 0 . 5 5 2  0 . 6 9 5 5 . 3 5 5  2 2 . 7 4 5  5 0 . 0 0 0  
Coobool Creek -Mur ray 

Val l ey- Swanpo rt 
Funct ion 1 0 . 7 5 5  0 . 3 0 8  1 1 . 8 6 0  8 9 . 4 6 0  1 0  0 . 0 0 0  
Funct i o n  2 0 . 5 3 3  2 5 . 3 9 2  4 0 . 0 0 0  



Creek-Murray Valley and Coobool Creek­
Swanport analyses (Table 39). As these variables . 
were not selected for their ability to sex crania, a 
particularly wide separation of the group means 
was not expected. The two major discriminating 
variables are alveolar length and nasion­
prosthion (Table 40). Orbital height has con­
tributed very little to the discriminatory power of 
the function. 

Coobool Creek and Murray Valley male crania 

A high level of discrimination is achieved in 
this analysis, with the group classification results 
correctly predicting the group membership of all 
but three of the Murray Valley crania (92.8%) and 
all of the Coobool Creek crania except CC66 
(92.3%). CC66 has alveolar length (61 mm) and 
nasion-prosthion (70 mm) dimensions at the 
bottom of the Coobool Creek range. The classifi­
cation probabilities give this individual a 69.5% 
chance of being drawn from the Murray Valley 
sample. The plot of the canonical discriminant 
function scores (Fig.43) demonstrates the wide 
separation of the group means and small overlap 
in range. 
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The standardised coefficients reveal that three 
variables (maximum supraorbital breadth, orbital 
height and alveolar length) are the major con­
tributors to the discriminatory power of the 
function (Table 40). A combination of great 
supraorbital breadth, absolutely low orbital 
height and massive palates makes the Coobool 
Creek crania distinct from the recent Murray 
Valley series. The Coobool Creek male mean 
values for basion-nasion, supraorbital breadth 
and nasion-prosthion are all significantly greater 
than those for the Murray Valley, with no signifi­
cant difference between these samples for 
alveolar length (Table 8). 

This analysis produced the second largest D2 
( 11 .25) and canonical correlation of the two 
group analyses (Table 41 ). The distance between 
the Coobool Creek and Murray Valley males is 
greater than that produced by sexual 
dimorphism within the Murray Valley series and 
the dispersion of the Coobool Creek sample is 
relatively discrete. 

Table 40 Standardised canonical discriminant function coefficients for the two-group analyses 

Bas ion-na so spin a l e  
Supra o rbi t a l  breadt h  
N a s ion-pr o s thion 
Alveo l a r  l ength 
Orb i t a l  h e i ght 

Murray Valley 
male-female 

0 . 2 3 9  
0 . 2 0 6  
0 . 4 4 5  
0 . 4 7 7  
0 . 0 3 9  

Coobool Creek 
Murray Valley 

Coobool Creek 
Swan port 

0 . 2 7 0  
1 . 0 2 5  
0 . 3 7 9  

- 0 . 7 4 7  
- 0 . 7 6 3 

0 . 5 9 3 
0 . 2 7 4  
1 . 0 5 0  

- 0 . 4 4 1  
- 0 . 6 3 2  

Coobool Creek 
n = 14, x = 2 .374 

71 
75 41 37  

Murray Valley 
Swan port 

0 . 3 0 0  
0 . 4 0 8  

- 0 . 5 7 7  
- 0 . 6 9 4  

0 .  4 0 8  

66 65 45 23 13 16  36  29 49 28 
1 -4 

Figure 43 

-l -3 I 
-2 

I 
0 

• • • • • • • • • • • • • • • •  
• • • • • • • • • •  • •  

• • • • • • • • • 
• • • •  

• • • 
• 

Murray Valley 
n = 45, x = -0 .739 

I 
2 

Canonical discriminant function score distribution for Coobool Creek and Murray Valley male oro­
facial skeletons 
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Coobool Creek and Swanport male crania D2 (15 .49), canonical correlation and smallest 
Wilk's Lambda (Table 39). These results are 
similar to those obtained with the mandibles, in 
which these two groups represented opposing 
morphological and metrical extremes. The 
Swanport oro-facial complex is extremely small 
and gracile relative to the robustness of the 
Coobool Creek series. 

These two groups were the most easily 
differentiated pair in the analysis, with a wide 
separation of the group means and 100% correct 
group classification (Fig.44) .  As in the preceding 
comparison, the Coobool Creek cranium falling 
closest to the Swanport mean is CC66. 

The major discriminating variables between 
these two groups are nasion-prosthion, orbital 
height, basion-nasospinale and alveolar length 
(Table 40). The univariate statistics indicate that 
the Coobool Creek means, for all but one of the 
dimensions used in the discriminant analysis, are 
significantly greater than those for Swanport 
(Table 8).  The exception is orbital height, in 
which the Swanport mean is significantly greater 
than the Coobool Creek mean. 

Murray Valley and Swanport male crania 

In keeping with the wide separation of the 
group means, this analysis obtained the largest 

These two groups are the most similar in the 
analysis. There is a considerable overlap in the 
distribution of their respective canonical dis­
criminant function scores (Fig.45) and there is 
little distance between the group means. The 
group classification results allocated 1 1  (32.4%) of 
the Murray Valley sample to the Swanport series 
and four (22.2%) of the Swanport crania were 
allocated to the Murray Valley. As expected with 

Figure 44 

Figure 45 

I -4 -3 -2 -l 
• • • • • • • • • • • • •  

• • • • •  
• • 
• • 

Swan port 
n = 22, x = - 1 .496 

23 

Coobool  Creek 
n = 14, x = 2 . 3 5 1  

7 1  3 6  37 
6 6  75 6 5  1 3  45 49 4 1 29 16 28 

I I 
2 4 

Canonical discriminant function score distribution for Coobool Creek and Swanport male oro-facial 
skeletons 

1 -4 -3 

• •  • 

I 
-2 

• • 
• 
• 

Swan port 
n = 22, x = 0 .933 

I 
• 
• •  

• • • 
• • • •  

• • • • • • • •  
-l 6 

• • • • • • •  
• • • • • •  
• • • • • •  
• • • • • •  

: I . . .  
Murra y Valley 

n = 45,  x = -0.456 

• • • • •  
• •  
• 

• • • • 
I I I 
2 3 4 

Canonical discriminant function score distribution for Swanport and Murray Valley male oro-facial 
skeletons 



this overlap in distribution the smallest 02 (2.02), 
canonical correlation and largest Wilk's Lambda , 
are associated with this analysis (Table 39). 

The standardised coefficients demonstrate 
that the major discriminating variables are 
alveolar length and nasion-prosthion, with the 
remaining three variables being slightly less 
important (Table 40). For two of the oro-facial 
variables, nasion-prosthion and alveolar length, 
the Murray Valley mean values are significantly 
greater than Swanport, while the Swanport series 
has significantly greater mean orbital height 
(Brown 1982 :173-75). 

Coobool Creek, Murray Valley and Swanport 

The purpose of the three-group comparison 
was an examination of the matrix of pairwise F 
ratios, distance between group centroids and 
probabilities of misclassification. The matrix of 
pairwise F ratios consists of an F ratio for each 
pair of groups (Table 41) .  This F is the signifi­
cance test for the Mahalanobis distance (02) 
between groups and may be used to test the 
equality of pairs of means (Nie et al. 1975:460). 

Both the F ratios and the plot of the discrimi­
nant function scores (Table 41, Fig.46) demon­
strate that the two closest groups in the analysis 
are the Swanport and Murray Valley series, with 
the Coobool Creek crania being more distinct. 

Table 41 

Coobo o l  Creek 

Swan port 

IY, F statistic and significance 
between pairs of groups 
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Murray Coobool 
Valley Creek 

0 2 1 0 . 7 7 1  
F 1 4 . 2 7 3  
P 0 .  O O O  
0 2 2 . 3 3 4  
F 6 . 4 8 1  
p 0 . 0 0 0  

1 0 . 2 8 4  
1 5 . 3 0 7  

0 . 0 0 0  

o 2  = Mah a l an ob i s  d i s t ance s 
F = S i gn i f i cance 
P = P ro b ab i l i t y  

The group classification results correctly 
allocated all but one of the Coobool Creek crania, 
CC66. CC66 obtained a 51 % probability of 
belonging to Swanport for this group of dis­
criminating variables. Two of the Murray Valley 
series, and one from Swanport, were allocated to 
Coobool Creek (Table 42). There is a greater 
overlap between the Murray Valley and 
Swanport crania, with the lowest 02 and smallest 
F statistic belonging to this pair. 

Overall there is a high level of discrimination 
in this analysis, reflecting both regional and 
temporal variation. With the exception of orbital 
height, the Coobool Creek crania are distin­
guished from the two recent groups by the 

Canonical d i scriminant function 1 

Figure 46 
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Canonical discriminant function score distribution for Coobool Creek, Murray Valley and 
Swanport male oro-facial skeletons 



98 

Table 42 Group classification results 

Coobool Creek 
n n % 

Coobo o l  C reek 1 4  1 3  9 2 . 8 
Mu rray Va l l ey 4 5  2 4 .  4 
Swanport 2 2  1 4 . 6  

greater size of their oro-facial dimensions. Their 
faces combine low and rectangular orbits, with 
considerable midfacial height, great supraorbital 
breadth and large palates. The Swanport facial 
skeletons represent the contrasting morpho­
logical extreme in this analysis, with their 
relatively small palates, high orbits and moderate 
midfacial height. The Murray Valley crania are 
somewhat intermediate between the Coobool 
Creek and Swanport groups, although they 
cluster more closely with the Coobool Creek 
sample than do the Swanport crania. 

SUMMARY 

Morphological, univariate and multivariate 
comparisons distinguish the Coobool Creek 
crania from recent and mid-Holocene crania from 
the Murray Valley, as well as placing them 
within the Kow Swamp-Cohuna range of 
variation. Thome's (1975) analysis of the Kow 
Swamp crania demonstrated that there were a 
series of morphological and metrical features, 
concentrated on the facial skeleton and frontal 
bone, which differentiated them from a large 
series of recent northern Victorian crania. Of the 
15 statistically significant metrical differences 
between his two male groups, 12 related to the 
facial and frontal areas. To a substantial degree 
the poor preservation of the Kow Swamp crania 
actually restricted the multivariate analysis 
(Thorne and Wilson 1977) to fronto-facial 
variables, and it is likely that with more complete 
materials significant statistical differences would 
have been demonstrated for other anatomical 
regions as well. 

The immediate impression that is gained with 
the Coobool Creek crania is of great overall size 
combined with extreme variability in the shape 
of the neurocranium. Facial skeletons are deep 
and broad with shallow rectangular orbits, broad 
nasal apertures, large palates and great supra­
orbital breadth. Cranial vaults are extremely 
dolichocephalic with length, breadth and height 
dimensions which are either in the upper range, 
or exceed, those in the comparative samples. 
This is reflected in the cranial module results 
where the Coobool Creek male and female crania 
can clearly be distinguished from the two recent 
southeastern Australian samples from Swanport 

Murray Valley 
n % 

0 0 
3 2  7 1 . 2 

4 1 8 .  2 

Swan port 
n % 

1 7 .  2 
1 1  2 4 . 4 

7 7 7 . 2 

and the central Murray Valley. Morphological 
variability in the Coobool Creek crania is most 
evident when they are viewed from a lateral 
aspect. In particular, the manner in which the 
extremes of anteroposterior curvature of the 
frontal, parietal and occipital bones are combined 
with great cranial height and length, in some of 
the Coobool Creek crania, distinguishes them 
from the comparative recent and mid-Holocene 
samples used in this analysis. 

It was Brothwell (1975) who made the initial 
suggestion that the frontal recession evident in 
the Kow Swamp crania was too extreme to be 
natural and represented artificial deformation 
rather than the preservation of an 'almost 
unmodified eastern erectus form' until 13,000 
years BP (Thorne and Macumber 1972:319). This 
analysis, combined with Brown (1981b, 1987a), 
strengthens and confirms Broth well' s hypothesis. 
Anatomical features which are indicative of 
artificial cranial deformation being practiced in 
the area bounded by Coobool Creek, Nacurrie 
and Kow Swamp, more than 9000 years ago, are 
concentrated on the frontal, parietal and occipital 
regions. 

There is a marked recession of the frontal 
squama, especially in the anterior two-thirds, 
with posterior displacement of metopion. In 
association with this frontal recession there is a 
variable expansion of the diploe in the posterior 
quarter of the bone, with a constriction of the 
diploe in the middle third. The anteroposterior 
length of the bone is increased and a series of 
symmetrical depressions may border the midline. 
Pressure on the frontal and occipital regions, 
probably during the first 12 months of life, 
increases cranial height, with an associated 
increase in the anteroposterior curvature of the 
parietal bones. As a result of this pressure on the 
occipital and frontal regions there is an increase 
in cranial breadth. The occipital bone is flattened 
and pushed up and under the parietals, with 
little evidence of an occipital bun. There is an 
increase in the length of the occipital bone 
(basion-lambda) and the posterior third of the 
foramen magnum may be drawn upward toward 
lambda. 

Although the evidence for artificial cranial 
deformation at Coobool Creek, Nacurrie and 



Kow Swamp conflicts with some aspects of 
Thome's interpretation of the Kow Swamp 
morphology (Thome and Macumber 1972; 
Thome and Wolpoff 1982), other aspects of 
cranial size and shape support conclusions about 
diachronic change within southeastem Australia 
in the period after 13,000 years BP (Thome 1976; 
Brown 1987a). However, the evidence for greater 
skeletal mass in the terminal Pleistocene 
increases the difficulty associated with isolating 
those areas of the cranial vault and facial skeleton 
which are unaffected by deformation. The 
analysis of cranial deformation, combined with 
the preceding univariate and morphological 
comparisons, suggests that the area least likely to 
be influenced by deformation is the oro-facial 
skeleton. 

The facial skeletons in the Coobool Creek, 
Kow Swamp and Nacurrie crania are charac­
terised by an anatomical complex which is 
distinct from the mid-Holocene Barham sample, 
as well as the recent series from the Murray 
Valley, Swanport and Broadbeach. As for the 
cranial vault the most noticeable feature of the 
Coobool Creek facial skeletons is their great 
overall size. With the exception of orbital height, 
male and female facial dimensions at Coobool 
Creek are significantly greater than those in the 
comparative populations. The facial skeletons 
are high, broad and prognathic with great 
alveolar breadth and a morphological form 
which parallels their increased size relative to 
recent Murray Valley populations. 

Subnasal development reflects the influence 
of the large anterior teeth, with their long 
thickened roots and large crowns. This has 
resulted in marked subnasal height, prognathism 
and breadth, with a relatively straight alignment 
of the uncrowded anterior teeth. The Coobool 
Creek palates, while variable in shape, are 
generally long, high and extremely broad, with a 
tendency for maximum alveolar breadth to be 
located posterior to the second molar. 

The zygomatic bones are deep, thickened 
structures with prominent malar tuberosities and 
robust, pillar-like frontal processes. Their infero­
posterior borders are particularly thickened with 
a broad area of masseteric attachment. 
Superiorly the orbits are absolutely shallow, 
especially given the great facial height, and are 
most often of rectangular shape with a fairly 
horizontal orientation. The naso-frontal articula­
tion is extremely broad and there is a wide 
separation of the orbits. The nasal bones are 
broad and flattened and the nasal apertures are 
relatively large. 
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Although the Coobool Creek crania typically 
have great supraorbital breadth this is not 
generally equalled by correspondingly massive 
morphological development. There is relatively 
little depression at nasion and the glabellae are 
broad and low, rather than having an inflated 
prominent appearance. The long axis of the 
superciliary ridges runs parallel to the superior 
margins of the orbits and their lateral margins 
tend to merge with the zygomatic trigones. 
Distinct supraorbital tori are present in four of 
the Coobool Creek male crania (CC28, 35, 37 and 
82). Laterally the zygomatic trigones are large 
and globose, often exceeding the development in 
the recent comparative sample. 

Possibly associated with the increase in the 
overall vault dimensions at Coobool Creek the 
bones compnsmg the neurocranium are 
relatively and absolutely thickened. With the 
exception of thickness at vertex, male mean 
thickness dimensions at Coobool Creek are sig­
nificantly greater than those in the recent Murray 
Valley series. To a lesser degree, increased 
cranial-vault thickness is also a feature of the 
skeletal material from Kow Swamp and 
Nacurrie. Although cranial-vault thickness 
dimensions normally display a high level of 
interpopulation variation there are specific 
aspects of this variation at Coobool Creek which 
appear to be associated with cranial deformation. 
Most noticeably there is an expansion of the 
diploe, anterior of bregma, forming a pro­
nounced prebregmatic eminence and a constric­
tion of the diploe in the middle third of the 
frontal. 

Multivariate comparison of the oro-facial 
skeletons in the Coobool Creek, Murray Valley 
and Swanport samples, using a discriminant 
function technique, clearly distinguishes the 
Coobool Creek sample (in terms of size and 
morphology) from the two recent populations. 
Unfortunately postmortem damage and small 
sample sizes prevented the inclusion of the Kow 
Swamp, Barham and Broadbeach samples in the 
analysis, as well as restricting the analysis to the 
male groups. The Coobool Creek male faces are 
distinguished from those in the Murray Valley 
and Swanport by their greater supraorbital 
breadth and facial height, absolutely shallow 
orbits and larger palates. Both group classifica­
tion and distance statistics indicate that the 
distance between Coobool Creek and the two 
recent populations is considerably greater than 
that shared by the two recent groups, or between 
the male and female Murray Valley samples. 
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Plate 1 

0 SO mm 
- - -

Facial views of Coobool Creek crania 1, 12, 16 and 28 



Plate 2 Facial views of Coobool Creek crania 47, 49, 66 and 82 

0 SO mm 
- - -
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1 

12 

Plate 3 Lateral views of Coobool Creek crania 1 and 1 2  
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Plate 4 Lateral views of Coobool Creek crania 16 and 23 
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35 

45 

Plate 5 Lateral views of Coobool Creek crania 35 and 45 
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50 

65 

Plate 6 Lateral views of Coobool Creek crania 50 and 65 
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71 

Plate 7 Lateral views of Coobool Creek crania 66 and 71 



107 

82 

Plate 8 Lateral views of Coobool Creek crania 76 and 82 
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IV 

THE COOBOOL CREEK MANDIBLES 

UNIVARIATE AND MORPHOLOGICAL 
COMPARISON 

Multivariate and univariate analyses of 
Aboriginal crania have detailed the marked 
regional variation in size and morphology 
throughout the continent (Hrdlicka 1928; Lamach 
and Macintosh 1966, 1970; Giles 1976; 
Pietrusewsky 1979, 1984) .  However, comparable 
anal?"ses of Aboriginal mandibles are few, with 
detailed observations limited to those of Klaatsch 
(1908), Murphy (1957), Lamach and Macintosh 
(1971 ) and Freedman and Wood 0977). Of these 
Murphy (1957) provides a description of the 
symphyseal region and Lamach and Macintosh 
(1971 )  a thorough coverage of discrete and con­
tinu�us mandibular morphology. Although 
restncted by a lack of published comparative 
data, Freedman and Wood's (1977) univariate 
analysis of the Broadbeach mandibles indicated 
that

_ 
these �andibles formed a distinct local pop­

ulation which could be distinguished both from 
other Queensland samples and from mandibles 
from coastal New South Wales. Thome (1975) 
presents a detailed morphological description of 
the Kow Swamp mandibles as does Freedman 
(1986) for the mandible of the Mossgiel skeleton. 

For purposes of morphological description I 
have relied heavily on Larnach and Macintosh's 
work (1971 ) .  Larnach and Macintosh are able to 
grade the continuous features they describe by 
reference to standards of their own construction. 
I found the grading of continuous morphological 
features to be extremely subjective, and as I have 
no idea of their standards of reference, I have 
made no attempt to grade these features in the 
Co�bool Creek mandibles for comparison with 
their data. Alternatively, to gain some idea of the 
relative development of these continuous 
features in the Coobool Creek mandibles, I have 
made continual reference to a series of 60 
mandibles (30 male and 30 female) from Euston 
in the Murray Valley. These mandibles and their 
associated crania were formerly part of the 
'Murray Black Collection' in the Australian 
Institute of Anatomy, Canberra, which is now 
located in the National Museum of Australia. 
The Coobool Creek mandibles were also directly 
compared with those from Kow Swamp. 
Morphological comparisons were not possible 
between the Coobool Creek mandibles and those 
from the Murray Valley (Department of 
Anatomy, University of Melbourne), Swanport 

(South Australian Museum) and Broadbeach 
(Department of Anatomy, University of 
Queensland) series as these mandibles were not 
available in Canberra and Armidale for com­
parative purposes. 

Univariate and bivariate metrical comparisons 
are made between the Coobool Creek mandibles 
and those from the Murray Valley, Swanport, 
Bro�dbeach, Barham and Kow Swamp, using the 
vanables described in Chapter II: Methods. Post­
depositional damage and age-related changes to 
the corpus, in the Coobool Creek and Broadbeach 
mandibles, limited the number of variables avail­
able for multivariate comparison. In particular, 
small sample sizes in the Coobool Creek and 
Bro�dbea�h fe

.
male groups repeatedly resulted in 

an mvers10n m the discriminant statistical pro­
cedure and severely compromised the results. 
For this reason the statistical analyses of the 
fe�le samples were kept at a relatively simple, 
a
.
lbeit robust, level and multivariate analyses con­

fined to the male groups. The descriptive and 
comparative statistical data for these samples are 
presented in Tables 43-50. Lateral views of some 
of the reconstructed Coobool Creek mandibles 
can be found in Plates 3-8. 

The mandibular corpus 

!he 
. 
dominating feature of the symphyseal 

reg10n m the Coobool Creek mandibles is their 

��at symphyseal height. The male mean is sig­
ruficantly greater (P = .OOO) than that in the com­
parative series from Swanport, Broadbeach and 
the Murray Valley (Tables 43-50, Fig.47). The 

�aximum figure for symphyseal height (45 mm 
m C:�16) equals the maximum recorded by 
Hrdlicka (1928) for Australian Aboriginal 
mandibles. Similarly the Coobool Creek female 
mean is significantly greater (P = .017-.000) than 
that in the comparative series, with the 
maximum (42 mm in CC2) exceeding Hrdlicka's 
female maximum (39.5 mm) (Fig.47). There are 
significant differences between the male and 
female mean figures for symphyseal height in the 
Coobool Creek and recent comparative samples 
(P = .000-.025) (Table 47). 

Murphy (1959, 1968) drew attention to the 
compensatory deposition of alveolar bone in the 
symphyseal region as a response to dental attri­
tion and decreasing facial height. This results in 
an increase in symphyseal height with age. The 
two Coobool Creek mandibles with the greatest 



Table 43 Descriptive statistics for the Coobool Creek male and female mandibles (mm) 

Coefficient 
Standard of 

Sex n jl: • error variation Min . 

Symphy s e a l  hei ght d' 2 1  3 9 . 4  2 . 7 8 0 . 6 2 2  7 . 0 6 3 6  
� 9 3 6 . 7  3 . 0 4 1 . 0 1 4  8 . 2 8 33  

Symphy s e a l  t h i c kn e s s  d' 2 1  1 6 . 3  1 .  S B  0 . 6 2 2  9 . 6 9 1 4  
� 9 1 4 . 3  2 . 2 5 0 . 5 0 0  1 5 . 7 3 1 2  

Co rpu s height d' 1 8  3 4 . 1  2 . 3 4 0 . 5 5 4  6 . 8 6 3 0  
� 9 3 0 . 9  2 . 3 1 0 .  7 7 2  7 . 4 7 1 2  

Corpu s t h i c kn e s s  d' 2 0  1 5 . 7  1 .  8 9  2 . 6 5 5  1 2 . 0 3 1 3  
� 9 1 4 . 6  1 .  6 6  0 . 5 5 6  1 1 . 3 7 1 2  

B i condy l a r  breadth d' B 1 2 5 . 1  7 . 5 1 2 . 6 55  6 . 0 0 1 1 1  
� 0 - - - - -

B i g on i a l  breadt h  d' 1 5  1 1 1 . 0  7 . 3 6 1 .  9 0 2  6 . 6 3 1 0 1  
� 3 1 02 . 0  1 3 . 7 4  7 . 9 3 7  1 3 . 4 7 8 7  

Mandibu l a r  length d' 1 2  1 1 5 . B  5 . 5 4 1 .  6 0 1  4 . 7 8 1 0 4  
� 5 1 1 3 . 2  7 . 1 9 3 . 2 1 6  6 . 3 5 1 0 7  

Ramu s hei ght d' 1 3  6 1 . 0 3 . 1 4 0 . 8 7 0  5 . 1 4 5 7  
� 6 55 . 5  9 . 7 9 3 . 9 9 8  1 7 . 6 3 4 5  

Ramu s max imum breadth d' 1 2  4 7 . 4  3 . 5 0 1 . 0 1 1  7 . 3 8 4 3  
� 5 4 3 . 6  3 . 5 7 1 .  6 0 0  8 . 1 8 4 0  

Ramu s minimum bre adth d' 2 1  3 6 . 3  3 . 1 5 0 . 6 8 8  8 . 6 7 3 2  
� 9 3 4 . 9  3 . 6 6 1 .  2 1 8  1 0 . 4 8 3 0  

M2 arch breadth d' 1 6  6 6 . 5  3 . 0 9 0 . 7 7 5  4 . 6 5 6 1  
� 5 6 1 . 6 3 . 8 4 1 .  7 2 0  6 . 2 3 5 7  

Shapiro P roba-
Max . Wilk bility x2 

4 5  0 . 9 0 6  0 . 1 0 
4 2  0 . 9 5 8  0 . 5 0 0 . 0 8 9  
2 0  0 . 9 4 4  0 . 1 0 
1 7  0 .  9 1 5  0 . 1 0 0 . 0 3 3  
3 8  0 . 9 6 7  0 . 5 0 
1 7  0 . 8 6 5  0 . 1 0 0 . 0 0 2  
2 1  0 . 8 5 2  0 . 02 
1 7  0 . 8 8 8  0 . 1 0 0 . 1 7 7  

1 3 5  0 . 9 5 5  0 . 5 0 
-- - -

1 2 2  0 .  9 1 8  0 . 1 0 
1 1 4  - - 1 .  5 7 6 
1 2 4  0 . 9 3 2  0 . 1 0 
1 2 2  - - 0 . 4 2 6  

6 9  0 . 8 8 9  0 . 1 0 
7 1  0 . 9 5 7  0 . 1 0 1 0 . 2 2 6  
53 0 . 9 3 4  0 . 1 0 
4 9  0 .  9 2 3  0 . 1 0 0 . 0 0 3  
4 2  0 . 9 0 9  0 . 1 0 
4 0  0 . 9 1 1  0 . 1 0 0 . 2 5 0  
7 1  0 . 9 3 5  0 . 1 0 
6 7  0 . 9 8 7  0 . 5 0 0 . 2 9 4  

Proba- Student ' a 
bil ity t 

0 . 7 65 2 . 3 8 1  
0 . 8 5 6  3 . 1 3 8  
0 . 9 63 3 . 3 7 6  
0 . 6 7 4  1 . 4 8 7  

- -

0 . 2 1 2  1 . 6 8 7  
0 . 5 33  0 . 7 95 
0 . 0 0 2  1 .  8 8 0  
0 . 9 6 0  2 . 0 3 6  
0 . 6 1 7  1 . 0 9 8  
0 . 5 8 7  2 . 9 2 4  

P roba-
bility 

0 . 0 2 5  
0 . 0 0 4  
0 . 0 0 2  
0 . 1 4 9  

-

0 . 1 1 1  
0 . 4 3 9  
0 . 0 7 7  
0 . 0 6 0 
0 . 2 82 
0 . 0 0 9  

...... 0 \0 



Table 44 Descriptive statistics for the Murray Valley male and female mandibles (mm) 

Sex 

Symphys e a l  height d' 
� 

Symphys ea l  t h i c kn e s s  d' 
� 

Corpu s he i ght d' 
� 

Co rpu s t h i c kn e s s  d' 
� 

B i condy l a r breadt h  d' 
� 

Bigon i a l  breadt h  d' 
� 

Mandibu l a r length d' 
� 

Ramu s h e i ght d' 
� 

Ramu s max imum b readth d' 
� 

Ramu s min imum b readth d' 
� 

M2 arch b re adth d' 
� 

Coefficient 
Standard of Shapiro P roba-

n jl: a •rror variation Min . Max . Wilk bility x2 
4 3  3 6 . 3  2 . 8 3 0 . 4 3 3  7 . 8 2 3 1  4 3  0 . 9 6 4  0 . 1 0 0 .  7 7 1  4 6  32 . 5  2 . 4 8 0 . 3 6 6  7 . 6 3 2 9  3 8  0 . 92 5  0 . 0 1 
4 4  1 5 . 8  1 . 1 4 0 . 1 7 2  7 . 2 2 1 3  1 9  0 . 8 9 5  < 0 . 0 1 3 . 4 5 0  4 6  1 4 . 8  1 .  5 1  0 . 2 2 3  1 0 . 2 0  1 2  2 0  0 . 8 8 2  < 0 . 0 1  
4 0  3 1 . 0 2 . 1 6 0 . 3 4 2  6 . 8 4 2 8  3 6  0 . 9 3 5  0 . 02 0 . 0 1 5  4 3  2 7 . 4  2 . 2 0  0 . 3 3 7  8 . 0 3 2 3  32  0 . 9 5 7  0 . 0 1 
4 2  1 4 . 1  1 .  6 0  0 . 2 4 4  1 1 . 3 5 1 1  1 8  0 .  9 2 5  0 . 0 1 0 . 3 1 8  4 5  1 3 . 6  1 .  4 7  0 . 2 2 0  1 0 . 8 1 1 1  1 7  0 . 9 3 6  0 . 02 
3 4  1 2 0 . 1  6 . 1 2 1 . 0 5 1  5 . 1 0 1 0 8  1 3 2  o .  9 4 6  0 . 1 0 2 . 6 9 0  3 7  1 1 2 . 8  5 . 9 1 0 .  9 7 2  5 . 2 4  9 6  1 2 8  o .  9 7 2  0 . 5 0 
3 8  9 8 . 6  7 . 2 1  1 . 1 7 0  7 . 3 1 8 1  1 1 2  0 . 9 7 9  0 . 5 0 0 . 4 4 2  4 4  9 1 . 9 6 . 4 0 0 . 9 65 6 . 9 6 7 4  1 0 3  0 .  9 7 1  0 . 5 0 
4 2  1 1 4  . 0  5 . 3 1 0 . 8 1 9  4 . 8 0. 1 0 4  1 2 6  0 . 9 6 5  0 . 1 0 0 . 7 8 2  4 6  1 0 6 . 4  6 . 0 8 0 . 8 9 7  5 .  7 2  9 2  1 1 7  0 . 9 6 4  0 . 1 0 
4 3  5 6 . 4  4 . 8 4 0 . 7 3 8  8 . 5 8 4 6  6 6  0 . 9 6 5  0 . 1 0 5 . 7 9 0 4 7  5 0 . 6  3 . 6 0 0 . 5 2 6  7 . 1 1 4 3  5 7  0 . 9 6 1  0 . 1 0 
4 1  4 6 . 1  2 . 6 9 0 . 4 2 1  5 . 8 5 4 1  5 1  0 . 95 1  0 . 1 0 0 . 0 5 7  4 6  4 5 . 5  2 . 7 9 0 . 4 1 2 6 . 1 3 4 1  5 3  0 .  9 4 9  0 . 05 
4 3  3 4 . 8  2 . 4 7 0 . 3 7 3  7 . 1 0 2 8  4 1  0 . 9 8 2  0 . 5 0 1 . 0 1 6  4 7  32 . 4  2 . 1 2 0 . 3 1 0  6 . 5 6  2 8  3 7  0 . 9 6 7  0 . 1 0 
3 8  6 1 . 5  3 . 1 4 0 . 5 1 0  5 . 1 1 5 4  6 8  0 . 9 6 2  0 . 1 0 1 . 5 9 0  4 0  5 8 . 7  2 . 5 5 0 . 4 0 4  4 . 3 5 55 67 0 . 9 1 7  < 0 . 0 1 

S i gn i f i c a n t  v a l u e  f o r  B a r t l e t t ' s X2 , S t u d e n t ' s  t c a l c u l a t e d  u s i n g  s e p a r a t e  v a r i ance e s t i m a t e  

P roba- Student ' •  

bility t 

0 . 3 8 0  6 . 5 0  
0 . 0 6 3  3 . 6 6 
0 . 9 0 4  7 . 3 6  
0 . 5 7 3  1 . 5 8  
0 . 1 0 0  4 . 0 6 
0 . 5 0 6  4 . 7 5 
0 . 3 7 6  6 . 2 5  
0 . 0 1 6  6 . 4 0 1 

0 . 8 1 2  1 .  4 8  
0 . 3 1 3  4 . 9 6 
0 . 2 0 6  4 . 3 6  

P roba-

bility 

0 . 0 0 0  
0 . 0 0 0  
0 . 0 0 0  
0 . 1 1 7  
0 . 0 0 0  
0 . 0 0 0  
0 . 0 0 0  
0 . 0 0 0  
0 . 1 4 2  
0 . 0 0 0  
0 . 0 0 0  

...... ...... 
0 



Table 45 Descriptive statistics for the Swanport male and female mandibles (mm) 

Coefficient 
Standard of Shapiro Proba-

Sex n jl: • error variation Min . Max . Wilk bility x2 
Symphy s e a l  hei ght 0 1 5  32 . 3  2 . 8 7 0 . 7 4 1  9 .  2 0  2 7  3 6  0 . 93 9  0 . 1 0 0 . 1 5 4  � 1 8  2 9 . 3  2 . 5 9  0 .  6 1 1  8 . 8 4 2 5  3 5  0 . 9 4 5  0 . 1 0 
S ymphyseal t h i c k n e s s  0 1 6  1 4 . 3  1 .  0 9  0 . 2 7 3  7 . 5 5 1 3  1 6  0 . 8 8 0  0 . 02 0 . 3 1 7  � 1 8  1 4 . 2  1 .  2 6  0 . 2 9 8 9 . 1 5 1 2  1 7  0 . 9 3 2  0 . 1 0 
Corpu s  height 0 1 6  2 7 . 5  2 . 6 5 0 . 6 65 9 . 6 0 2 2  3 3  0 . 9 6 2  0 . 5 0 4 . 9 6 0  � 1 7  2 5 . 0  1 .  4 7 0 . 3 5 8  5 . 8 8 2 3  2 8  0 .  9 3 9  0 . 1 0 
Corpu s  t h i c kn e s s  0 1 6  1 4 . 3  1 .  6 1  0 .  4 03 1 1 . 0 5 1 2  1 8  0 . 9 4 3  0 . 1 0 0 . 1 1 0  � 1 7  1 4 . 7  1 .  4 8  0 . 3 5 9  3 . 0 6 1 3  1 8  0 . 9 7 3  0 . 02 
B i c on dy l a r  breadt h  0 1 3  1 2 0 . 7  3 . 8 1 1 . 0 5 8  3 . 4 2 1 1 6  1 3 0  0 .  9 2 6 0 . 1 0 0 . 3 4 0  � 1 7  1 1 1 . 9 4 . 4 8 1 . 0 8 8  3 . 8 3 1 0 4  1 1 8  0 . 85 6  0 . 0 1 
Bigon i a l  breadt h  0 1 3  1 0 1 . 2  3 . 9 6 1 . 0 9 7  4 . 1 4 9 4  1 0 8  0 . 9 4 9  0 . 5 0 2 . 2 5 0  � 1 6  9 3 . 1  6 . 0 9 1 . 5 2 0  6 . 8 7 8 0  1 0 3  0 . 9 1 5  0 . 1 0 
Mandibu l a r  length 0 1 4  1 0 8 . 7  4 . 4 9 1 . 2 0 2  4 . 0 4 1 0 1  1 1 6  0 .  9 4 9  0 . 1 0 0 . 1 05 � 1 7  1 0 4 . 6  4 . 1 2 1 . 0 0 0  4 . 0 4 9 7  1 1 2  o .  9 7 1  0 . 5 0 
Ramu s hei ght 0 1 5  6 1 . 9 3 . 4 2 0 . 8 83 5 . 5 1 5 7  6 9  0 . 9 3 4  0 . 1 0 1 .  8 5 3  � 1 8  53 . 8  4 . 9 0 1 . 1 5 6  9 . 1 2 4 5  6 1  0 . 9 4 7  0 . 1 0 
Ramu s max imum breadth 0 1 5  5 1 . 1  4 . 2 6  1 . 1 0 7  8 . 4 3 4 6  6 0  0 .  9 2 6 0 . 1 0 0 . 9 0 8  � 1 8  4 9 . 2  3 . 3 3 0 . 7 8 6  6 . 7 7 4 3  5 7  0 . 9 6 5  0 . 5 0 
Ramu s min imum bre adth 0 1 5  3 6 . 5  3 . 1 8 0 . 8 2 2  8 . 6 6 3 1  4 4  0 .  9 7 2  0 . 5 0 0 . 5 1 4  � 1 8  3 5 . 5  3 . 8 0 0 . 9 05 1 0 . 7 0 2 7  4 1  0 . 9 0 3  0 . 05 
M2 arch b readth 0 1 1  5 9 . 9  3 . 0 1 0 . 9 0 9  5 . 0 0 5 4  6 4  0 . 9 6 6  0 . 5 0 2 . 3 2 7  � 1 4  5 7 . 7  3 . 6 0 0 . 5 0 7  3 . 9 3 5 3  6 0  0 . 9 5 3  0 . 5 0 

1 S i gn i f i c a n t  v a l u e  f o r  B a r t l e t t ' s  X2 , Student ' s  t c a l cu l at e d  u s i n g  s e p a r a t e  v a r i ance e s t i m a t e  

Proba- Student ' a 
bility t; 

0 . 6 9 4  3 . 0 9 
0 . 5 7 3  0 . 5 3 
0 . 0 2 6  3 . 4 9 1 

0 . 7 4 0  0 . 9 6 
0 . 5 6 1  5 . 6 8 
0 . 1 3 4  4 . 0 9 
0 . 7 4 6  2 . 6 2 
0 . 1 7 3  5 . 3 8 
0 . 3 4 1  1 . 3 9  
0 . 4 7 3  0 . 7 3 
0 . 1 2 7  2 . 2 3  

Proba-

bility 

0 . 0 0 4  
0 . 6 0 1  
0 . 0 0 2  
0 . 3 4 6  
0 . 0 0 0  
0 . 0 0 0  
0 . 0 1 4  
0 . 0 0 0  
0 . 1 7 3  
0 . 4 6 9 
0 . 0 3 6  

...... 
...... 
...... 



Table 46 Descriptive statistics for the Broadbeach male and female mandibles (mm) 

Coefficient 
Standard of 

Sex n jl: • e rror variation 

Symphy s e a l  hei ght 0 1 7  33 . 8  3 . 1 2 0 . 7 5 7  9 . 2 3 
'f 3 3 1 . 3  1 . 5 2 0 . 8 82 4 . 8 6 

Symphy s e a l t h i c kn e s s  0 2 4  1 5 . 5  1 .  6 1  0 . 3 3 0  1 0 . 3 9  
'f 4 1 4 . 7  0 . 5 0 0 . 2 5 0  3 . 4 0 

Co rpu s h e i ght 0 2 4  3 0 . 0  2 . 2 9  0 . 4 6 8 7 . 6 3 
'f 4 2 6 . 7  2 . 5 0 1 . 2 5 0  9 . 3 6 

Corpu s t h i c kn e s s  0 2 4  1 4 . 7  1 .  4 5  0 . 2 9 6 9 . 8 6 
'f 4 1 6 . 0  0 . 8 1 0 . 4 0 8  5 . 0 6 

Bi condy l a r  breadt h  0 1 9  1 1 9 . 8 5 . 2 0 1 . 1 9 4 4 . 3 4  
'f 1 1 1 5 . 0  - - -

Bigon i a l  breadt h  0 2 2  1 0 1 . 5 5 . 3 8 1 . 1 4 9  5 . 3 0 
'f 3 9 4 . 0  2 . 6 4 1 . 5 2 8  2 . 9 1 

Mandibu l a r  length 0 2 4  1 1 6 . 3  5 . 0 8 1 .  0 3 9  4 . 3 7 
'f 3 1 1 4 . 0  2 . 0 0 1 . 1 55 1 .  7 5  

Ramu s h e i ght 0 2 4  5 8 . 0  4 . 8 1 0 . 9 8 3  8 . 5 9  
'f 3 55 . 0  1 .  7 3  1 .  O O O  3 . 2 6 

Ramu s max i mum breadth 0 2 4  4 6 . 1  2 . 9 2 0 . 5 9 7  6 . 3 3 
'f 3 4 4 . 0  1 .  7 3  1 .  O O O  3 . 9 3 

Ramu s min imum breadth 0 2 5  3 4 . 1  2 . 7 8 0 . 5 5 8  8 . 1 5 
'f 4 33 . 5  2 . 0 8 1 . 0 4 1  6 . 2 1 

M2 a r ch b re adth 0 1 9  6 1 . 6 2 . 7 0 0 . 6 2 2  4 . 4 0 
'f 3 5 7 . 3  2 . 3 0 1 . 3 33  4 . 0 1 

Shapiro P roba-

Min .  Max .  Wil.k bility 

2 8  3 9  0 .  9 4 1  0 . 1 0 
3 0  3 3  - -

1 2  1 9  0 . 9 6 1  0 . 1 0 
1 4  1 5  - -

2 5  35  0 . 9 7 4  0 . 5 0 
2 3  2 8  - -

1 2  1 7  0 . 9 0 9  0 . 02 
1 5  1 7  0 . 9 4 4  0 . 5 0 

1 0 9  1 2 9  0 . 9 5 8  0 . 5 0 
- - - -

9 0  1 1 2  0 . 9 8 6  0 . 95 
9 2  9 7  - -

1 0 6  1 2 6  0 . 9 7 7  0 . 5 0 
1 1 2  1 1 6  - -

5 0  6 6  0 . 9 5 8  0 . 1 0 
5 1  5 4  - -

4 0  5 4  0 . 9 7 1  0 . 5 0 
4 3  4 6  - -

2 8  4 0  0 .  9 7 7  0 . 5 0 
3 1  3 6  - -

5 8  6 7  0 .  9 1  7 0 . 02 
5 6  6 0  - -

P roba-

x2 bility 

1 .  2 6 8 0 . 2 9 9  
3 . 7 4 6  0 . 0 5 3  
0 . 0 3 7  0 . 8 4 7  
1 . 1 8 4  0 . 2 7 7  

- -

1 .  0 9 1  0 . 2 9 6  
1 .  6 9 9  0 . 1 92 
1 .  9 5 6  0 . 1 62 
0 . 6 5 2  0 . 4 1 9  
0 . 3 53  0 . 5 53  
0 .  072  0 . 7 8 8  

Student ' a 
t 

1 . 3 6 
0 . 9 6 
2 . 6 3 
1 .  6 6  

-

2 . 3 5 
0 . 7 8 
1 .  0 7  
1 .  2 2  
0 . 4 2 
2 .  6 2  

Proba-
bility 

0 . 1 9 0 
0 . 3 4 6  
0 . 0 1 4  
0 . 1 0 9  

-

0 . 0 2 7  
0 . 4 4 5  
0 . 2 95 
0 . 2 3 4  
0 . 6 7 5  
0 . 0 1 6  

...... ...... 
N 



Table 47 Comparison of male and female mandibular dimensions from Coobool Creek with those from the Murray Valley, Swanport and Broadbeach using 
Student's t test 

Male Female 
Murray Valley Swan port Broadbaach Murray Valley Swanport Broadbaach 

t p t p t p t p t p t p 

Symphys e a l  he ight 4 . 1 2 0 . 0 0 0  7 . 3 4 0 . 0 0 0  5 . 6 8 0 . 0 0 0  4 . 3 4 0 . 0 0 0  6 . 4 9 0 . 0 0 0  2 . 8 5 0 . 0 1 7  
Symphys e a l  thi ckne s s  1 .  2 9  0 . 2 0 1  3 . 9 8 0 . 0 0 0  1 . 5 5 0 . 1 2 7  o . 8 5 1 0 . 3 9 7  0 . 2 0 0 . 8 4 1  0 . 5 3 1 0 . 6 0 6  
Corpu s height 4 . 8 9 0 . 0 0 0  7 . 7 0 0 . 0 0 0  5 . 6 3 0 . 0 0 0  4 . 1 6 0 . 0 0 0  7 . 8 5 0 . 0 0 0  2 . 8 1 0 . 0 3 7  
Corpu s thickn e s s  3 . 1 4 0 . 0 0 3 2 . 3 4 0 . 0 2 5  1 .  7 8  0 . 0 8 2  1 .  6 1  0 . 1 1 2  0 . 3 2 1 0 . 7 4 5 1 .  6 2 1 0 . 1 3 4  
Bicondy l a r  breadth 1 .  8 1  0 . 0 7 6  i .  8 0 2 0 . 0 8 8  2 . 0 8 0 . 0 4 7  
Bigon i a l  breadth 5 . 4 5 0 . 0 0 0  4 . 3 0 2 0 . 0 0 0  4 . 5 1 0 . 0 0 0  2 . 4 4 0 . 0 1 9  1 .  9 0  0 . 0 7 4  0 . 9 9 0 . 3 7 8  
Mandibu l a r  l ength 0 . 9 8 0 . 3 3 0  3 . 5 7  0 . 0 0 2  0 . 3 1 1 0 . 7 5 5  2 . 3 3 0 . 0 2 3  3 . 4 3 0 . 0 0 3 0 . 1 8 1 0 . 8 6 1 
Ramu s height 3 . 1 1 2 0 . 0 0 3 0 . 6 9 1 0 . 4 9 3 1 .  9 9  0 . 0 5 4  2 . 4 0 2 0 . 0 2 0  0 . 5 7 2 0 . 5 7 1  0 . 0 8 0 . 9 3 5  
Ramu s maximum breadth 1 . 1 7 0 . 2 4 7  2 . 3 8 1 0 . 0 2 5  1 . 1 7 0 . 2 5 0  1 .  4 5 1 0 . 1 5 2  3 . 2 8 1 0 . 0 0 4  0 . 1 1 1 0 . 8 6 5 
Ramu s min imum breadth 2 . 0 2 0 . 0 4 7  0 . 1 2 1 0 . 9 0 2 2 . 5 2 0 . 0 1 5  2 . 7 5 2 0 . 0 0 8  0 . 4 3 1 0 . 6 6 9  0 . 7 0 0 . 4 9 8 
M2 arch bre adth 5 . 3 6 0 . 0 0 0  4 . 4 9 0 . 0 0 0  4 . 9 0 0 . 0 0 0  2 . 2 8 0 . 0 2 7  2 . 9 8 0 . 0 0 8  1 .  7 1  0 . 1 3 8  

1 C o ob o o l Creek me a n  exceeded by Mu rray Va l l e y ,  Swanport o r  B r o adbeach me an 
2 S i gn i f i cant d i f fe re n c e  i n  v a r i ance indicated by B a r t l e t t ' s  X2 ( P  = . 0 5 - . 0 1 ) , 

S t udent ' s  t c a l cu l at e d  u s i ng separate v a r i ance e s t imate 

Table 48 Dimensions of the Kow Swamp and Barham male mandibles (mm) 

Kow Swa� Barham 
n jt: a Min . Max . n jt: a Min . Max . 

Symphys ea l  he i ght 2 3 8 . 0  - 3 7 . 0  3 9 . 0  3 3 1 . 0 1 .  0 0  3 0 . 0  3 2 . 0  
Symphys ea l  th i c kn e s s 5 1 6 . 8  1 . 3 0  1 6 . 0  1 9 . 0  5 1 6 . 0  0 . 7 0 1 5 . 0  1 7 . 0  
Co rpu s height 2 3 4 . 5  - 3 4 . 0  3 5 . 0  2 2 5 . 5  0 . 7 0 2 5 . 0  2 6 . 0  
Corpu s thickn e s s  5 1 5 . 0  2 . 1 2 1 2 . 0  1 8 . 0  3 1 3 . 5  1 .  3 2  1 2 . 5  1 5 . 0  
B i c on dy l a r  breadth 1 1 3 5 . 0  - - - 2 1 2 4 . 0  - 1 2 0 . 0  1 2 8 . 0  
Bigon i a l  breadth 2 1 1 7  . 0  - 1 1 5 . 0  1 1 9 . 0  2 1 0 9 . 0  - 1 0 6 . 0  1 1 2 . 0  
Man dibu l a r  length 2 1 1 5 . 0  - 1 1 0 . 0  1 2 0 . 0  3 1 0 8 . 7  6 . 8 0 1 0 1 . 0 1 1 4  . 0  
Ramu s h e i ght 2 6 8 . 5  - 6 7 . 0  7 0 . 0  3 5 6 . 7  5 . 5 1 5 1 . 0 6 2 . 0 
Ramu s max imum bre adth 1 4 5 . 0  - - - 2 4 4 . 5  - 4 4 . 0  4 5 . 0  
Ramu s minimum bre adth 2 3 5 . 5  - 3 5 . 0  3 6 . 0  3 3 8 . 7  4 . 7 2 3 5 . 0  4 4 . 0  
M2 a r ch bre adth 1 7 0 . 0  - - - 1 6 2 . 0  

...... ...... 
w 
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Table 49 Dimensions of the Kow Swamp and Barham female mandibles (mm) 

Kow Swarrp Barham 
n :i: a Min . Max . n :i: a Min . Max . 

Symph y s e a l  hei ght 2 3 6 . 5  3 6 . 0  3 7 . 0  
Symphys e a l  t h i c kn e s s 2 1 5 . 0  1 4 . 0  1 6 . 0  
Corpu s height 1 2 8 . 0  2 3 0 . 0  3 0 . 0  3 0 . 0  
Corpu s t h i c kn e s s  1 1 5 . 0  2 1 3 . 5  1 3 . 5  1 3 . 5  
Bi condy l a r  breadt h  
Bigon i a l  breadt h  1 1 0 3 . 0  
Mandibu l a r  l ength 1 1 0 1 . 0 2 1 1 4  . 5  - 1 1 2 . 0  1 1 7  . 0  
Ramu s  h e i ght 1 4 4 . 0  1 5 0 . 0  
Ramu s  maximum breadth 1 3 8 . 0  1 4 4 . 0  
Ramu s min imum breadth 1 3 1 . 0 2 3 4 . 0  3 4 . 0  3 6 . 0  
M2 a r ch b re adth 1 6 5 . 0  1 6 9 . 0  

Table 50 Dimensions of individual late Pleistocene and early Holocene Aboriginal male mandibles (mm) 

Lake Kow Kow 
Lake Mungo Swamp Swamp 

Nacurrie Moa agiel Nitchie I I I  1 1 5 1  

Symphys e a l  height 4 5  3 7  3 5  3 7  3 9  
Symphy s e a l  thi ckne s s  1 7  1 7  1 8  1 5  1 6  1 6  
Corpu s he i ght 2 9  3 3  3 4  3 5  
Corpu s thi c kn e s s 1 7  1 8  1 5  1 5  1 5  1 5  
Bi condy l a r  breadth 1 4 4  1 2 9  1 3 5  
Bigon i a l  breadt h  1 0 9  1 0 1  1 0 6  1 1 9  1 1 5  
Man dibu l a r  length 1 1 4  1 1 3  1 2 0  1 1 0  
Ramu s h e i ght 6 6  7 1  5 7  7 0  6 7  
Ramu s  maximum breadth 5 3  4 5  4 0  4 5  
Ramu s minimum breadth 4 0  4 6  3 5  3 2  3 6  3 5  
M2 a r ch breadth 6 4  6 9  7 0  

1 D ime n s i o n s  i n f l u e n ce d  by p o s t -depo s i t i o n a l  w a rp i n g  

Male Female 
50 T ,. ,. ,. ,. 50 ' 
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Figure 47 Box plots of distribution of symphyseal height in male and female samples from Kow Swamp, 
Coobool Creek, Barham, the Murray Valley, Swanport and Broadbeach 



symphyseal height (CC16 and 28) have only 
moderate levels of anterior tooth wear but such 
wear in the Kow Swamp and Coobool Creek 
dentitions is generally relatively high. While it is 
possible that compensatory deposition of 
alveolar bone in these populations is more rapid 
than that in other areas, the increased height of 
the symphysis in the Coobool Creek mandibles is 
not confined to the alveolar segment but is 
evenly distributed between the alveolar and 
basal areas. 

The most prominent feature on the anterior 
surface of the symphysis is the mental trigone 
which Larnach and Macintosh (1971 :9) define as 
a 'triangular eminence with its base directed 
downwards and situated anteriorly across the 
lower half, or two thirds, of the symphysis'. As 
Thorne (1975) noted, the apparent development 

Endocoronoid crista 

Extramolar sulcus 

Mental trigone 

1 1 5  

of the trigone depends on the morphology of the 
surrounding structures. In mandibles with 
marked incurvature above the trigone, the 
trigone appears prominent although it may not 
be especially large (Figs 48-49). The size and 
morphology of the trigone varies considerably in 
the Coobool Creek and Euston mandibles. In 
CC49 the trigone is large and continuous towards 
a jutting inferior border, extending laterally into 
well developed lateral tubercles. In this speci­
men the impression of size is heightened by the 
marked incurvature between the trigone and the 
alveolar ridge (Fig.48). Small low trigones are 
present in CC28 and 66. The degree of incurva­
ture above the trigone has its maximum 
development in CC12 and 49, while in CC46 and 
65 the symphyseal area is relatively flat. 

Larnach and Macintosh (1971) present a three-

Triangular plane 

Superior pterygoid tubercle 

Endocondyloid crista 

. . . . . . Ectocondyloid crista 
. . · . . .. . .... . · .  

1· :{ :.:y< ""-·
,,
,""': ·.>+.;:t--- Lateral eminence . : . . : . � . , 

. .  · · ' ' ; . .  ';. 

Lateral prominence 

Posterior marginal tubercle 

Marginal torus 

Intertoral sulcus 

Anterior marginal tubercle 

Figure 48 Medial and lateral views of an adult Aboriginal male mandible 
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46 71 29 1 66 65 49 28 45 16 

Figure 49 Chin projection and incurvature of symphyseal region in 10 of the Coobool Creek mandibles 

Table 51 Chin �rojection in mandibles from coastal New 
South Wales, Euston and Coobool Creek 

New South Coobool 
Walaa l Eu ston Creak 

n % n % n % 

Negat ive 5 6  3 7 . 9  3 8  7 9 . 2  1 8  7 5 . 0  
Neut ral 8 1  5 4 . 7  9 1 8 . 8  4 1 6 . 7 
P o s it ive 1 1  7 . 4  1 2 . 0  2 8 . 3  

1 L a r n a ch a n d  Mac i nt o sh ( 1 9 7 1 )  

grade classification of chin projection. They 
consider this area negative if its most anterior 
point falls behind the anterior surface of the 
medial incisors (with the mandible viewed 
laterally while held in its normal resting occlusal 
position), and positive if it falls in front. In 18 of 
the Coobool Creek mandibles the chin is negative 
(75%), four are neutral (16.7%) and in two 
individuals (CC29 and 49) the chin is positive. 
The four Kow Swamp mandibles complete 
enough for assessment have negative chins as 
does Nacurrie. Compared to Lamach and 
Macintosh's coastal New South Wales sample 
there is a higher frequency of negative chins in 
the Euston and Coobool Creek series (Table 51) .  

The position of the chin relative to the most 
anterior point on the alveolar process, and the 
visual impression of a negative or positive 
relationship between the two, is to a large degree 
a product of the size of the teeth, their supportive 
alveolar structures and the degree of subnasal 
prognathism. In the Coobool Creek crania with 
large dentitions, marked alveolar development 
and substantial subnasal prognathism (for 
example CC16 and 26) the external surface of the 
symphyseal region presents a receding profile. 
Where there are smaller dentitions, with less 
alveolar support and reduced subnasal prog­
nathism, the chin tends to form a more projecting 
eminence (for example CC13 and 49). 

The mean thickness of the Coobool Creek 

male symphyses, while greater than that in the 
three comparative samples (Tables 43-47, Fig.SO), 
is significant only in comparison with the 
Swanport males (P = .OOO) .  The Coobool Creek 
female symphyses are not significantly thicker 
than those at Swanport, Murray Valley or 
Broadbeach. The difference between the male 
and female means at Coobool Creek is significant 
(P = .004), as it is also in the Murray Valley 
sample (P = .OOO) .  The maximum thickness of the 
Coobool Creek symphyses (20 mm in CC46) 
equals the maximum recorded in the compara­
tive series (Murray Valley) and exceeds the Kow 
Swamp maximum (19 mm in KS7) (Tables 43-49). 

The posterior surface of the symphysis can be 
roughly divided into two portions, the areas 
above and below the superior transverse torus. 
Above the transverse torus is a large sloping 
plane, the alveolar plane. In the Coobool Creek 
and Euston samples this plane varies in depth, 
slope and curvature. Larnach and Macintosh 
(1971 ) grade this plane according to the degree of 
inclination. In the Coobool Creek series the slope 
of this area varies from nearly vertical in the aged 
individual CClO to a marked backwards decline 
in CC46 and 75. The slope of this feature appears 
to be related to the thickness of the symphysis 
and the development of the superior transverse 
torus. The thicker the symphysis, the greater the 
departure of the slope from the vertical. A slight 
transverse torus is present in CC45 and 76 with a 
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Figure 50 Box plots of distribution of symphyseal thickness in male and female samples from Kow Swamp, 
Coobool Creek, Barham, the Murray Valley, Swanport and Broadbeach 

moderate torus in CC66 and 75. Thome (1975) 
records very slight tori in KSl and 5 with 
moderate development in KS14. 

The genial pit is a depression which may be 
present immediately above the genial spines. 
Shallow genial pits are present in CCI,  12, 16, 23, 
29, 35, 38, 40 and 60. In five of these (CCl, 16, 23, 
38 and 40) a small foramen, the foramen 
supraspinosum of Weidenreich (1936:85), lies at 
the base of the pit. In general the area sur­
rounding the genial spines and the inferior 
border of the posterior surface of the symphysis 
are not well preserved in the Coobool Creek 
mandibles, with slight erosion removing the 
detail from this region. The genial spines in the 
Coobool Creek mandibles do not project as far as 
those in the Euston sample but the base of the 
spines is generally more robust. The digastric 
fossae in the Euston series typically present deep, 
rugose areas with sharp raised borders. Preser­
vation of this area in the Coobool Creek 
mandibles is poor. Compared to the Euston 
sample the Coobool Creek digastric fossae 
appear moderate in size, with the exception of 
CC46 and 82 in which the fossae are marked. 
Thome (1975) records all the Kow Swamp fossae 
as marked. 

The most noticeable feature on the lateral sur­
face of the corpus is the extremely well 
developed lateral prominence in most of the 
Coobool Creek mandibles. This feature has a 
maximum development in CC28, 49 and 82 
which exceeds that at Euston. Lamach and 
Macintosh (1971 ) subdivide the lateral 
prominence, with the inferior portion called the 
posterior marginal tubercle (Fig.48). In the 
Coobool Creek mandibles the lateral prominence 
is more often a pronounced rounded bulge 

extending continuously from the intertoral sulcus 
down to the inferior border of the corpus. 
However, a prominent marginal tubercle is 
present in CC40. The maximum lateral extent of 
the prominence is usually located in the inferior 
half of the body, level with the interdental 
septum for the second and third molars. The 
development of the prominence has little 
influence on corpus thickness, which is measured 
anterior to its maximum development. The mean 
thickness of the mandibular corpus in the 
Coobool Creek male mandibles is significantly 
greater (P = .003-.025) than that in the Murray 
Valley and Swanport samples (Tables 43-47). 
The Coobool Creek mean, while higher than that 
at Broadbeach, is not significantly so. The 
Coobool Creek female mean is significantly 
greater than Swanport (P = .004) but not 
Broadbeach and the Murray Valley (Tables 43-
47). Maximum corpus thickness in the Coobool 
Creek males (21 mm for CC76) exceeds the 
maxima in the recent comparative samples as 
well as that for Kow Swamp (18 mm for KSl and 
14) and Barham (Tables 43-49). 

Running between the alveolar ridge medially 
and the lateral prominence is a furrow of varying 
development, the extramolar sulcus (Fig.48). 
This feature is extremely varied in the Coobool 
Creek and Euston mandibles and to some extent 
appears related to overall size. This furrow is 
broad and deep in CC49, short and shallow in 
CCl and absent in the aged individual CClO 
which has marked alveolar resorption in associa­
tion with extensive posterior tooth loss. 

Larnach and Macintosh (1971 :5-6) found that 
the lateral prominence gives rise to two branches 
running anteroposteriorly along the lateral sur­
face of the corpus, the superior and marginal 
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lateral tori. Their results indicate that the occur­
rence of the superior torus is more common in 
Aborigines than is the marginal torus. Similarly, 
in the Kow Swamp (Thorne 1975) and Coobool 
Creek mandibles the superior branch is more 
pronounced. In both the Coobool Creek and 
Euston mandibles there is great variability in the 
development of these tori and the sulcus which 
runs between them. The intertoral sulcus is 
shallow to indistinct in the Coobool Creek 
mandibles. 

The mental foramen was most often located 
under the interval between the second premolar 
and first molar in Larnach and Macintosh's 
(1971 ) coastal New South Wales sample. Due to 
the combined effects of interproximal tooth wear 
and compensatory mesial migration of the teeth 
within the dental arch (Murphy 1964) the posi­
tion of the mental foramina, in relation to the teeth, 
can be expected to change with increasing age. 
In aged individuals the posterior teeth will tend 
to be closer to the mental foramina. Similar results 
were obtained with the Coobool Creek and 
Euston mandibles to those reported by Larnach 

and Macintosh (1971 ), although the second 
highest frequency in the Coobool Creek and 
Euston samples was located under the first molar 
rather than below the second premolar (Table 
52). This may be indicative of age differences 
between the samples. A well developed double 
foramen is present bilaterally in CC16. 

The mean height of the corpus, measured at 
the interval Ml-M2, in the Coobool Creek male 
and female samples is significantly greater (P = 

.003-.000) than that in the Murray Valley, 
Swanport and Broadbeach samples (Tables 43-47, 
Fig.51 ) .  Great corpus height is one of the major 
distinguishing features of the Coobool Creek 
mandibles. In the three Kow Swamp mandibles 
in which corpus height is preserved (males 34 
mm for KSl and 35 mm for KS7, female 28 mm 
for KS16) their dimensions are close to the 
Coobool Creek mean. There are significant dif­
ferences between the male and female means for 
corpus height at Coobool Creek (P = .002) and 
also in the Murray Valley, Swanport and 
Broadbeach series (P = .002-.000) (Tables 43-46). 

Medially the Coobool Creek corpora have 

Table 52 Location of the mental foramen in mandibles 
from coastal New South Wales, Euston and 
Coobool Creek 

Coa stal New 
Teeth South Wal e s l Eu ston 

n % n % 

PM1 -PM2 2 1 . 5  1 2 . 1  
PM2 4 9  3 7 . 0  7 1 4 . 6  
PM2 -M l  6 5  4 8 . 8 2 8  5 8 . 3  
M l  1 7  1 2 . 7  1 2  2 5 . 0  

1 L a r n ach a n d  Ma c i n t o s h  ( 1 9 7 1 )  

Male 
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Figure 51 Box plots of distribution of corpus height in male and female samples from Kow Swamp, Coobool 
Creek, Barham, the Murray Valley, Swanport and Broadbeach 



mylohyoid ridges which are less prominent than 
those in the Euston sample. Marked mylohyoid 
ridges are present in only four of the Coobool 
Creek mandibles (CC32, 40, 66 and 76). In the 
Euston mandibles the mylohyoid ridges typically 
have sharp, well defined mylohyoid lines below 
the molar region, from which the mylohyoid 
ridge drops away abruptly towards the sub­
maxillary fossae. In the Coobool Creek 
mandibles, as in KS5 and 8 (Thorne 1975), this 
region is represented by a low, smooth curve 
running downwards to the submaxillary fossae 
and the inferior border of the corpus. This 
morphology is found in 15 of the Coobool Creek 
mandibles. Where an abrupt mylohyoid ridge is 
present it is located posteriorly, adjacent to the 
third molars. 

Inferiorly the submaxillary and submandibu­
lar fossae are of varied development. The 
sublingual fossae in the Coobool Creek 
mandibles are generally shallow, relative to those 
in the Euston mandibles. Deep fossae are present 
in CCI,  12, 28, 40 and 51 .  The submaxillary 
fossae are more developed, with marked fossae 
in CC32, 45, 66, 71 and 76. Age-related changes 
in some of the Coobool Creek and Euston 
mandibles result in great morphological change 
in the medial surface of the corpus. Tooth loss 
and associated alveolar resorption may remove 
the mylohyoid ridge and the sublingual and 
submaxillary fossae (CClO).  

Campbell (1925) and Larnach and Macintosh 
(1971) were unable to find a true mandibular 
torus in the Aboriginal mandibles they 
examined. The only example that I have 
observed in Aboriginal skeletal material is the 
large, tubular torus in a Tasmanian mandible 
from Eagle Hawk Neck (Tasmanian Museum, A 
EH2214). Although the alveolar region adjacent 
to the canines and premolars often presents a 
raised surface in the Euston and Coobool Creek 
mandibles, true mandibular tori are not present. 
There are no mandibular tori in the Kow Swamp 
mandibles and they were also not evident in the 
mandibles from Roonka, Swanport, Broadbeach, 
Barham and the Murray Valley which I 
examined. 

The mandibular ramus 

The Coobool Creek rami give a superficial 
impression of fragility relative to the large size of 
the corpus. The rami are tall, vertical structures 
with high, arched coronoid processes which 
exceed the condyles in height. The mean height 
of the Coobool Creek male rami is significantly 
greater (P = .054-.003) than the male means for 
the Murray Valley and Broadbeach samples 

1 1 9  

(Tables 43-47). The Coobool Creek female mean 
is significantly greater (P = .020) than the Murray 
Valley comparative series (Tables 43-47). In the 
Murray Valley sample the difference between the 
male and female means for ramus height is sig­
nificant (P = .OOO) but there is not a significant 
level of dimorphism for this dimension in any of 
the other groups. The resting height of the ramus 
is influenced by the degree of anteroposterior 
curvature present in the mandibular corpus and 
the angle at which the ramus meets the body of 
the mandible. All of these features are highly 
variable and ramus height displays consistently 
large coefficients of variation in each of the pop­
ulations examined. The maximum height of the 
Coobool Creek rami (71 mm for CC50) exceeds 
the maximum dimension at Kow Swamp (70 mm 
for KSl )  and the maxima in the comparative 
samples. 

Although giving a visual impression of 
relative narrowness, the minimum breadth of the 
Coobool Creek male rarni is actually significantly 
greater than the mean in the Murray Valley and 
Broadbeach samples (P = .047-.015) (Tables 43-
47). Mean minimum ramus breadth in the 
Coobool Creek females is significantly greater 
than that in the Murray Valley (P = .008) but not 
Swanport and Broadbeach (Tables 43-47) . The 
Swanport males and females have rami which 
are slightly broader than those at Coobool Creek. 
The difference between the male and female 
means is significant only in the Murray Valley 
series (P = .OOO) .  Two of the Kow Swamp male 
mandibles (KSl and 5) have this area preserved 
and their minimum ramus breadths (36 mm and 
35 mm respectively) are close to the Coobool 
Creek male mean of 36.3 mm, while the female 
KS16 has a relatively narrow minimum ramus 
breadth of 31 mm. 

Mean maximum ramus breadth in Coobool 
Creek males slightly exceeds that at Broadbeach 
and the Murray Valley but is significantly less 
than that at Swanport (P = .025) .  The small 
Coobool Creek female sample (n = 5) have rami 
which are significantly narrower than those at 
Swanport (P = .004), as well as having a mean 
dimension which is less than the Murray Valley 
and Broadbeach. There is little sex-based 
dimorphism in this dimension, with no signifi­
cant differences between the male and female 
means in the comparative samples. The 
maximum ramus breadth in the Coobool Creek 
series (53 mm for CC47) is exceeded by both the 
male and female Swanport maxima (60 mm for 
male and 57 mm for female) . Few of the Kow 
Swamp mandibles have this feature preserved, 
the maximum of 45 mm is in KSl (Tables 48-49). 
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The lateral surface of the ramus in the 
Coobool Creek mandibles is distinguished by 
large, often deeply depressed, masseteric fossae. 
Both the overall size and depth of the fossae are 
greater in the Coobool Creek males than in the 
females and this is consistent with the male and 
female comparative mandibles. In males there is 
often marked eversion of the angle of the 
mandible, with pronounced tubercles on the 
inferoposterior border, and a generally rugose 
area of attachment for the masseter muscles. In 
three of the Coobool Creek males (CC28, 46 and 
82) the depth and overall size of the masseteric 
fossae, with marked thickening of the inferior 
borders, exceed the development in the Euston 
and Kow Swamp mandibles. Larnach and 
Macintosh's (197I ) data indicates that eversion of 
the angle of the mandible has a higher incidence 
in males (40.9%)  than in females (3.5%).  Similar 
results were obtained with the Coobool Creek 
and Euston mandibles. In contradiction to the 
general pattern for Coobool Creek, there is a 
slight inversion of the angle in the male CC36 
and the females CCI and 9.  

Subcondyloid tubercles were found on the 
lateral edge of the condyle in five of the I5 
Coobool Creek mandibles in which this area is 
preserved. In two of these there are small 
bilateral tubercles and in the third (CC28) 
marked bilateral tubercles are present. The 
mandibular condyles in the Coobool Creek 
mandibles are broad (mediolaterally) and narrow 
(anteroposteriorly), with the mean maximum 
breadth of the male sample (n = 7, x = 23 .4, s = 
2.07) being significantly greater than that in the 
Murray Valley males (n = 36, x = 20.8, s = 1 .86, t = 
3.27, P = .002) and Broadbeach (n = 23, x = 21 .  I, s 
= I .49, t = 3.I9, P = .003) .  The Coobool Creek 
male mean is greater than that at Swanport (n = 
1 1, x = 21 .8, s = 1 .47) but not significantly so (P = 
.071 ) .  In the Kow Swamp mandibles the 
condyles are preserved in four individuals and 
they are also tall and narrow. 

Degenerative arthritis of the temporo­
mandibular joint in Aborigines is highly 
correlated with tooth wear and the increasing 
'occlusal stress' that results from it (Richards and 
Brown I98Ia). Although dental attrition is 
marked in the majority of the Coobool Creek 
mandibles in which the condyles are preserved, 
degenerative changes in the surface of the 
condyle, as well as in the articular tubercle of the 
temporal bone, are generally slight. Using the 
grading system developed by Richards and 
Brown (198Ia), seven of the I5 Coobool Creek 
mandibles with condyles (CC23, 28, 36, 38, 49, 5I 
and 71 ) correspond to their Class 0 (normal), 

with no evidence of degenerative changes either 
in the condyles or temporal fossae. Five of the 
Coobool Creek mandibles (CClO, I2, 29, 45 and 
47) have slight localised erosion of the condylar 
and temporal surfaces (Richards and Brown's 
Class I ) .  In two of these (CClO and I2) there is 
acute dental attrition with associated malocclu­
sion and abscess development. The remaining 
three mandibles (CCI3, 46 and 65) have more 
extensive degeneration, with greater plastic 
change in the temporal segment. These 
temporomandibular joints correspond with 
Richards and Brown's Class 2 (localised 
proliferation). The degenerative changes in the 
Coobool Creek temporomandibular joints do not 
approach the condition evident in their Classes 3 
(generalised proliferation) and 4 (eburnation). 
Thorne (1975) observed similarly low levels of 
degenerative change in the Kow Swamp 
temporomandibular joints. 

Slightly below the medial edge of the condyle 
a small tubercle, the superior pterygoid tubercle, 
may be present (Fig.48). Larnach and Macintosh 
(1971 ) found this tubercle present as a trace in 
8.I % and marked in 8.8% of their coastal New 
South Wales sample. Small tubercles are present 
in Coobool Creek mandibles CCI2 and 65. 

The coronoid process in the Coobool Creek 
mandibles are tall and broad with pronounced 
thickening along the anterior border. Where both 
coronoid processes and condyles are preserved, 
the coronoid process exceeds the condyle in 
height in all but two of the mandibles. 
Measurement of the sigmoid notch was under­
taken using the procedure defined by Larnach 
and Macintosh (197I )  (Fig.5). In the I2 Coobool 
Creek mandibles where sigmoid notch depth can 
be measured, four (CCI, 28, 29 and 76) have 
sigmoid notches which can be classified under 
Larnach and Macintosh's scheme as 'deep'. 
There are similar frequencies for the three size 
grades of sigmoid notch depth in the Euston and 
coastal New South Wales sample (Table 53) while 
the small Coobool Creek sample has a higher 
frequency of 'deep' sigmoid notches. The maxi­
mum depth of the notch in the Euston sample 
(15.4 mm) is exceeded by CC28 (16 mm) and 
CC29 (17 mm). 

The posterior continuation of the alveolar 
margin, behind the third molar, runs into a 
marked thickening of bone, the triangular torus. 
This torus, which bifurcates to form the 
endocondyloid crista posteriorly and the endo­
coronoid crista anteriorly (Fig.48), is the most 
prominent feature on the medial surface of the 
Euston and Coobool Creek rarni. In the Coobool 
Creek rami the thickness of the ramus at the 
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Table 53 Depth of the sigmoid notch in mandibles from coastal 
New South Wales, Euston and Coobool Creek 

New South Coobool 
Mea surement Walea l Eu ston Creek 

mm n % n % n % 

< 1 0  3 5  2 3 . 3  1 3  2 7 . 7  1 8 . 3 3 
1 0 - 1 3  9 4  6 7 . 1  2 9  6 1 . 7 7 5 8 . 3 3 

>1 3 1 3  9 . 6  5 1 0 . 6 4 3 3 . 3 3 

1 L a r n a ch a n d  Mac i nt o sh ( 1 9 7 1 )  

point at which the torus bifurcates (13 mm in 
CC46 and 49) is greater than that in the Euston 
rami (9.7 mm). The anterior branch of the trian­
gular torus, the endocoronoid crest, is generally 
more pronounced than the posterior branch in 
the Coobool Creek series. There is, however, 
considerable variation in the morphology of 
these crests in both the Euston and Coobool 
Creek material. 

Lying immediately above the triangular torus 
is a flattish area of bone, the triangular plane 
(Fig.48), limited posteriorly and anteriorly by the 
endocondyloid and endocoronoid crests. The 
size of this feature is determined by the depth of 
the sigmoid notch, the breadth of the ramus and 
the morphology of the triangular torus. 
Relatively and absolutely large triangular planes 
are found in the Coobool Creek mandibles CC28, 
29, 40, 45 and 46. Larnach and Macintosh (1971 ) 
describe this plane as being either flat or forming 
a shallow fossa. They found that fossae were 
more often present in female than in male 
mandibles. Slight fossae are evident in CC13, 32, 
35, 38, 47, 65, 66 and 75, with relatively deep 
fossae in CC28, 35 and 45. An unusual feature in 
CC32 and to a lesser extent in CC28, 35 and 65 is 
found in the anterior half of the fossa where there 
is a deeply depressed roughened area of 
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tendinous insertion for the temporal muscle. 
The fibres of the medial pterygoid are 

attached by strong tendinous laminae to the 
lower and posterior part of the medial surfaces of 
the ramus and the angle of the mandible. In the 
Coobool Creek mandibles this area is often 
extremely rugged and elevated, with a series of 
pronounced tubercles reaching from the edge of 
the ramus inwards and upwards to the mylo­
hyoid groove and sulcus colli. The size of this 
area in the Coobool Creek male mandibles 
exceeds that in the Euston series, with CC28, 46, 
71 and 82 being particularly rugose. The 
Coobool Creek females do not have a similar 
degree of development but still fall within the 
robust end of the Euston range. 

One of the most distinctive features of the 
mandibles from Coobool Creek and Kow Swamp 
is their great posterior breadth. The mean bi­
gonial breadth in the Coobool Creek male 
mandibles is significantly greater (P = .000) than 
that in the comparative male series (Tables 43-47, 
Fig.52). There is a similar trend in the small 
Coobool Creek female sample (n = 3) but not to 
the same degree (P = .378-.019). Maximum bi­
gonial breadth in the Coobool Creek mandibles 
(122 mm for CC46) is considerably higher than 
the maximum recorded in the Murray Valley, 
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Figure 52 Box plots of distribution of bigonial breadth in male and female samples from Kow Swamp, 
Coobool Creek, Barham, the Murray Valley, Swanport and Broadbeach 
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Figure 53 Box plots of distribution of bicondylar breadth in male and female samples from Kow Swamp, 
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Swanport and Broadbeach samples (112 mm) and 
Kow Swamp (119 mm for KSl,  but this is an , 
inflated figure due to the effects of post­
depositional warping) (Tables 48-50). Sexual 
dimorphism in this dimension is pronounced, 
with the difference between the male and female 
means in the Swanport and Murray Valley 
samples (the only two samples with a large 
female component) being significant (P = .001-
.000) (Tables 43-45) .  

This great bigonial breadth is repeated to a 
lesser degree in the maximum breadth across the 
condyles in the Coobool Creek mandibles (Tables 
43-47, Fig.53). The maximum bicondylar breadth 
in the Coobool Creek males (135 mm for CC28) 
equals the Kow Swamp maximum (KS5) and 
exceeds the maximum in the Murray Valley 
series (132 mm). As for bicondylar breadth there 
is a significant difference between the male and 
female means for this dimension in the Murray 
Valley and Swanport series (P = .000) (Tables 44-
45). 

Anteriorly this great breadth is also evident in 
the Coobool Creek mandibular dental arch, 
where maximum arch breadth at the second 
molar (71 mm for CC40) exceeds the maximum 
recorded at Kow Swamp (70 mm for KSl, figure 
inflated due to post-depositional warping) (Table 
48), and the Murray Valley maximum of 68 mm. 
M2 arch breadth in the Coobool Creek male 
sample is significantly greater (P = .000) than that 
in the comparative male samples (Tables 43-47, 
Fig.54). The Coobool Creek females have 
similarly broad dental arches and are signifi­
cantly broader than the Murray Valley and 
Swanport females (P = .027-.008). Levels of 
sexual dimorphism for dental arch breadth are 
high with significant differences between each of 
the male and female means (P = .036-.000) 
(Tables 43-46). 

Although the Coobool Creek mandibles are 
extremely broad, they are not especially long. 
Mean mandibular length in the Coobool Creek 
males is significantly greater than that at 
Swanport (P = .002) but similar to the Murray 
Valley and Swanport (Tables 43-47, Fig.55) .  
Maximum mandibular length at Coobool Creek 
(124 mm for CC49) and Kow Swamp (120 mm for 
KSl )  are exceeded by the Murray Valley and 
Broadbeach maximum (126 mm). The difference 
between the male and female means in the 
Murray Valley and Swanport samples is signifi­
cant (P = .014-.000) (Tables 44-45).  

Correlation 

To explore structural (biological) associations 
between the Coobool Creek mandibular dimen-

123 

sions, and to avoid redundancy in the discrimi­
nant function analysis, correlation matrices 
(Pearson's r) and scatterplots were produced 
from the Murray Valley and Coobool Creek data 
sets. It has been my experience that samples 
>200 are needed to obtain reproducible results in 
correlation analyses as the position of a few 
outlying points can have an undue influence in 
samples of smaller size. Unfortunately, samples 
of human skeletal material from the terminal 
Pleistocene and early Holocene of Australia of 
this size are unavailable. Even though every 
effort was made to examine data at an individual 
level (dispersion and linearity examined in 
scatterplots and the overall relationship of 
outliers explored in the original cases) I would 
not wish to emphasise these results too strongly. 
Correlation matrices were developed from the 
Murray Valley sample to examine possible sex­
based variation in correlation, the effect of the 
distance between the male and female means on 
the size of the correlation coefficient and the 
topographical and biological associations 
between the variables. The Murray Valley 
sample was chosen for the initial analysis due to 
the relatively large size of both the male and 
female sample. 

Matrices were formed using the convention of 
listwise deletion of missing data. With this 
method mandibles with one or more missing 
variables are excluded from the analysis. Miss­
ing data reduced the size of the Murray Valley 
mandible sample to 23 males and 22 females. 
Correlation matrices were developed for the 
male, female and pooled-sex samples (Tables 54-
56). For samples of 22-23 a correlation coefficient 
of 0.34-0.35 is significant at the .05 level, while for 
the pooled-sex sample (n = 45) a correlation coef­
ficient of 0.24 is significant at the 0.05 level. 
Rather than simply accepting fairly arbitrary 
levels of significance as conveying some sense of 
biological relationship it is the manner in which 
the variables are associated (form of the regres­
sion line, dispersion and position of outliers) 
which provides the greatest insight. Scatterplots 
were produced for each pair of variables and 
examined for distributional linearity and, in the 
pooled sample, the distance between the male 
and female clusters. 

Correlation matrices were then developed for 
the Coobool Creek pooled-sex data using the 
convention of pairwise deletion of missing data 
(Table 57). The incomplete condition of the 
Coobool Creek mandibles made pairwise dele­
tion the only practical choice, as listwise deletion 
would have reduced the size of the sample to 
four. Using pairwise deletion a potentially 
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Table 54 Pearson's correlation coefficient matrix for the Murray Valley male mandibular dimensions 

2 3 4 5 6 7 8 g 1 0  1 1  

1 0 . 4 7 0 .  7 1  0 . 5 6  0 . 4 6 0 . 5 9 0 . 6 2 0 . 3 2 0 . 4 6 0 . 1 9 0 . 3 4 
2 0 . 2 3 0 . 6 4 0 . 0 1 0 . 3 6 0 . 3 6 0 . 5 0  0 . 0 4 0 . 3 7 0 . 3 0 
3 0 . 2 5 0 . 3 6  0 . 3 2 0 . 6 6 0 . 3 8 0 . 5 9 - 0 . 0 1 0 . 2 1 
4 0 . 4 0 0 . 3 5 0 . 3 7 0 . 3 5 0 . 2 4 0 . 3 8 0 . 5 0 
5 0 . 6 2 0 . 4 7 0 . 0 9 0 . 5 8 0 . 0 6 0 . 3 9 
6 0 . 5 0 0 . 0 5 0 . 4 4 0 . 2 9 0 . 3 1 
7 0 . 3 8 0 . 5 5 0 . 0 8 0 . 4 4 
8 0 . 2 6  0 . 3 6 0 . 2 8  
9 0 . 3 1 0 . 1 8 

1 0  0 . 0 8 

n 2 3 ,  r = 0 . 3 4 ,  P = 0 . 0 5 4 C o rpu s t h i ck n e s s  8 Ramu s h e i ght 
1 S ymph y s e a l  h e i gh t  5 B i c o n dy l a r  b r e adth 9 Ramu s  maximum b r e adth 
2 S ymph y s e a l  t h i c k ne s s  6 B i go n i a l  breadth 1 0  Ramu s m i n imu m  breadth 
3 C o rpu s h e ight 7 Mandibu l a r  l e n g t h  1 1  M2 a r ch b r e adth 

Table 55 Pearson' s  correlation coefficient matrix for the Murray Valley female mandibular dimensions 

2 3 4 

1 0 . 3 2 0 . 5 3 - 0 . 1 8 
2 0 . 2 8  0 . 0 5 
3 - 0 . 1 9 
4 
5 
6 
7 
8 
g 

1 0  

n = 2 2 ,  r = 0 . 3 5 ,  P = 0 . 0 5 
1 S ymph y s e a l  h e ight 
2 S ymph y s e a l  t h i ck ne s s  
3 C o rpu s h e ight 

5 6 7 

0 . 0 7 - 0 . 1 7 0 . 6 6 
- 0 . 0 2 0 . 1 2 0 . 3 4 

0 . 0 8 0 . 0 3 0 . 4 6 
- 0 . 2 0 0 . 5 2 0 . 2 3 

0 . 2 4 0 . 2 0 
0 . 1 2 

4 C o rpu s t h i ck n e s s  
5 B i co n dy l a r  b r e adth 
6 B i g o n i a l  breadth 
7 Ma n d i bu l a r  l e ngth 

8 

0 . 0 3 
0 . 2 3 
0 . 2 6 
0 . 0 6 

- 0 . 3 1 
- 0 . 3 8 

0 . 1 2 

g 1 0  1 1  

0 . 2 8 0 . 1 2 0 . 0 2 
0 . 0 1 0 . 0 9 0 . 4 0 
0 . 2 2 0 . 3 7 0 . 2 2 
0 . 2 9 0 . 3 2 0 . 1 8 
0 . 1 8 0 . 0 9 - 0 . 2 1 
0 . 0 4 0 . 1 3 0 . 1 0 
0 . 4 5 0 . 4 3 0 . 1 2 

- 0 . 0 4 0 . 1 1 0 . 3 3 
0 . 6 2 0 . 0 7 

0 . 2 5 

8 Ramu s  he i gh t  
9 Ramu s maximum b r e adth 

10 Ramu s m i n imum breadth 
11  M2 arch b r e adth 

Table 56 Pearson's correlation coefficient matrix for the pooled sex Murray Valley mandibular dimensions 

2 3 4 5 6 7 8 g 1 0  1 1  

1 0 . 4 9  0 . 7 5 0 . 3 0 0 . 5 1 0 . 3 9 0 . 7 5 0 . 4 8 0 . 3 9 0 . 4 0 0 . 4 0 
2 0 . 4 1 0 . 3 4 0 . 1 8 0 . 3 0 0 . 4 7 0 . 4 7 0 . 0 7 0 . 3 5 0 . 4 3 
3 0 . 1 7 0 . 4 0 0 . 3 2 0 .  7 1  0 . 5 8 0 . 4 1 0 . 4 3 0 . 4 1 
4 0 . 2 5 0 . 4 6  0 . 3 8 0 . 3 2 0 . 2 9  0 . 4 2 0 . 4 2 
5 0 . 5 5 0 . 5 4 0 . 2 9  0 . 4 4 0 . 3 2 0 . 3 7 
6 0 . 4 1 0 . 0 9 0 . 3 1 0 . 3 3 0 . 3 3 
7 0 . 5 2 0 . 4 8 0 . 4 7 0 . 4 6 
8 0 . 1 9 0 . 4 9 0 . 4 7 
g 0 . 4 5 0 . 1 8 

1 0  0 . 3 2 

n = 4 5 ,  r = 0 . 2 4 ,  p = 0 . 0 5 4 C o rpu s t h i ckne s s  8 Ramu s  he i gh t  
1 S ymph y s e a l  h e i gh t  5 B i c o n dy l a r  b r e adth 9 R amu s maximum breadth 
2 S ymph y s e a l  t h i ckne s s  6 B igon i a l  breadth 1 0  Ramu s minimum breadth 
3 C o rpu s he i gh t  7 Man d i bu l a r  l e ngth 1 1  M 2  a r ch b r e a d t h  
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Table 57 Pearson's correlation coefficient matrix for the pooled sex Coobool Creek mandibular dimensions 

2 3 4 5 6 7 8 g 1 0  1 1  

1 n 2 9  2 7  2 8  8 1 8  1 7  1 9  1 6  2 8  2 1  
r 0 . 2 1 0 . 7 7 0 . 2 9 0 . 5 1 0 . 3 8 0 . 4 8 0 . 1 6 0 . 6 1 0 . 3 0 0 . 1 8 
p . 0 8 . 0 0 . 0 5 . 0 9 . 0 9 . 0 4 . 2 8 . 0 1 . 2 2 . 2 4 

2 n 2 7  2 9  8 1 8  1 7  1 9  1 6  2 9  2 1  
r 0 . 2 5 0 . 3 7 0 . 1 0 0 . 6 1 - 0 . 1 2 0 . 6 1 0 . 5 3 0 . 4 1 0 . 4 5 
p . 0 9 . 0 3 . 3 6 . 0 0 . 3 3 . 0 0 . 0 0 . 0 1  . 0 2 

3 n 2 7  7 1 6  1 6  1 8  1 5  2 6  2 1  
r 0 . 2 3 - 0 . 0 6 0 . 4 8 0 . 3 1 0 . 2 7 0 . 5 9 0 . 2 8 0 . 0 9 
p . 1 4 . 4 4 . 0 3  . 1 1 . 1 5 . 0 1  . 4 5 . 3 9 

4 n 8 1 7  1 7  1 9  1 6  2 8  2 1  
r 0 . 6 8 0 . 1 9 - 0 . 0 8 0 . 4 3 0 . 2 3 0 . 3 3 0 . 4 3 
p . 0 3 . 2 5 . 3 7 • 0 3  . 1 4 . 0 9 . 03 

5 n 6 8 8 7 8 7 
r - 0 . 2 3 - 0 . 1 0 - 0 . 0 8 0 . 2 5 0 . 1 2 0 . 1 8 
p . 4 4 . 4 5 . 4 3 . 3 4 . 3 9 . 3 5 

6 n 1 3  1 3  1 1  1 8  1 6  
r - 0 . 0 5 0 . 5 4 0 . 3 9 0 . 3 5 0 . 3 2 
p . 3 6 . 0 5 . 1 5 . 1 2 . 1 0 

7 n 1 7  1 4  1 7  1 5  
r - 0 . 0 4  0 . 1 2 0 . 0 8 - 0 . 1 4 
p . 4 1 . 3 9 . 3 8 . 4 2 

8 n 1 6  1 9  1 5  
r 0 . 5 2 0 . 6 0 0 . 4 5 
p . 0 1 . 0 0 . 0 6 

g n 1 7  1 2  
r 0 . 9 2 0 . 2 5 
p 0 . 0 0 . 1 4 

1 0  n 2 0  
r - 0 . 1 2 
p . 3 0 

n = numbe r ,  r = r ange , P = probab i l it y  4 C o rpu s t h i ckne s s  8 Ramu s  he ight 
1 Symphy s e a l  h e i ght 5 B i condy l a r  breadth 9 Ramu s  maximum bre adth 
2 Symphy s e a l  t h i ckne s s  6 B igon i a l  breadth 1 0  Ramu s  m i n imum breadth 
3 C o rpus he i ght 7 Mandibu l a r  length 1 1  M2 arch breadth 

different subset is used for each correlation and 
so each of the sample sizes are listed, with their 
correlations, in Table 57. Although with large 
samples trends may be apparent at low levels of 
correlation (r = 0.25-0.35), experience with 
scatterplots developed from the Murray Valley 
data indicated that only correlation coefficients 
greater than 0.399 displayed an association that 
could be considered directional. To reduce this 
discussion to a manageable level attention will be 
focused on the small number of moderate to high 
order correlations (0.39-1 .0) that were obtained 
between the pairs of mandibular dimensions. It 
should be kept in mind that although correlation 
coefficients of 0.39 may be significantly greater 
than zero, and show a directional trend in bi­
variate plots, they only account for 15% of shared 
variation. 

Murray Valley males 

Of 78 correlations in the Murray Valley male 
matrix only 21 were greater than r = 0.39. The 
highest positive correlation (r = 0.71) is between 
symphyseal height and corpus height, followed 
by the correlation between corpus height and the 

length of the mandible (r = 0.66). Corpus height 
and ramus minimum breadth have the only 
negative correlation (r = -0.01)  (Table 54). 

Summary (correlation coefficients greater than 
0.39) 
1 .  Symphyseal height: correlated with symphyseal 
thickness, corpus height, corpus thickness, mandibular 
length, bicondylar and bigonial breadth and maximum 
breadth of the ramus. 
2.  Symphyseal thickness: correlated with 
symphyseal height, corpus thickness and ramus 
height. 
3. Corpus height: correlated with symphyseal 
height, length of the mandible and maximum breadth 
of the ramus. 
4. Corpus thickness: correlated with symphyseal 
height, symphyseal thickness, bicondylar breadth and 
M2 arch breadth. 
5.  Bicondylar breadth: correlated with symphyseal 
height, corpus thickness, bigonial breadth, mandibular 
length and maximum breadth of the ramus. 
6.  Bigonial breadth: correlated with bicondylar 
breadth, length of the mandible and maximum ramus 
breadth. 
7. Mandibular length: correlated with corpus 
height, bicondylar breadth and bigonial breadth. 
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8. Ramus height: correlated with symphyseal 
thickness. 
9. Ramus maximum breadth: correlated with 
symphyseal height, corpus height, bicondylar and 
bigonial breadth. 
10.  Ramus minimum breadth: no correlation greater 
than r = 0.39. 
1 1 .  M2 arch breadth: correlated with corpus 
thickness. 

Murray Valley females 

There is a lower overall level of correlation in 
the Murray Valley female matrix than that for the 
Murray Valley males. Only eight of the 78 cor­
relations were greater than r = 0.39. The highest 
correlation (r = 0.66) is between symphyseal 
height and the length of the mandible, followed 
by the correlation between maximum and mini­
mum ramus breadth (r = 0.62) (Table 55) .  

Summary (correlation coefficients greater than 
0.39) 
1 .  Symphyseal height: correlated with corpus height 
and length of mandible. 
2. Symphyseal thickness: correlated with M2 arch 
breadth. 
3. Corpus height: correlated with symphyseal 
height and length of mandible. 
4. Corpus thickness: correlated with bigonial 
breadth. 
5. Bicondylar breadth: no correlation coefficients 
greater than 0 .39. 
6 .  Bigonial breadth: correlated with corpus 
thickness. 
7. Mandibular length: correlated with corpus height 
and maximum and minimum ramus breadths. 
8. Ramus height: no correlation coefficients greater 
than 0.39. 
9 .  Maximum ramus breadth: correlated with mini­
mum ramus breadth and mandibular length. 
10 .  Minimum ramus breadth: correlated with maxi­
mum ramus breadth and mandibular length. 
1 1 .  M2 arch breadth: correlated with symphyseal 
thickness. 

Pooled male-female sample 

The level of correlation in the pooled sample 
increased substantially with 31 of the 78 correla­
tion coefficients exceeding 0.39 (Table 56) . The 
highest correlations (r = 0.75) are between 
symphyseal height and corpus height and 
symphyseal height and mandibular length, 
followed by corpus height and mandibular 
length (r = 0.71 ) .  All of the remaining correlation 
coefficients are less than r = 0.60. There are no 
negative correlations. 

An examination of scatterplots for these data 
indicated that the increased level of correlation 

was to some degree an artifact of the distance 
between the male and female means rather than 
an overall pattern of covariance (Fig.56) . A 
general exception to this is found in the variables 
correlated with mandibular length which show a 
large overlap between the male and female dis­
tributions and an increase in covariance in the 
pooled sample (Fig.56). 

Summary (correlation coefficients greater than 
0.39) 
1 .  Symphyseal height: correlated with symphyseal 
thickness, corpus height, bicondylar breadth, 
mandibular length, ramus height, ramus minimum 
breadth and M2 arch breadth. 
2. Symphyseal thickness: correlated with symphy­
seal height, mandibular length, ramus height and M2 
arch breadth. 
3 .  Corpus height: correlated with symphyseal 
height, mandibular length, ramus height, maximum 
and minimum ramus breadth and M2 arch breadth. 

4.  Corpus thickness: correlated with bigonial 
breadth, ramus minimum breadth and M2 arch 
breadth. 
5. Bicondylar breadth: correlated with bigonial 
breadth, mandibular length and maximum breadth of 
ram us. 
6 .  Bigonial breadth: correlated with bicondylar 
breadth and length of mandible. 
7.  Mandibular length: correlated with symphyseal 
height, symphyseal thickness, corpus height, bi­
condylar breadth, bigonial breadth, ramus height, 
maximum and minimum ramus breadth and M2 arch 
breadth. 
8. Ramus height: correlated with symphyseal 
height, symphyseal thickness, corpus height, 
mandibular length, ramus minimum breadth and M2 
arch breadth. 
9 .  Ramus maximum breadth: correlated with 
corpus height, bicondylar breadth, mandibular length 
and minimum ramus breadth. 
10. Ramus minimum breadth: correlated with 
symphyseal height, corpus height, corpus thickness, 
mandibular length, ramus height and maximum 
breadth of ram us. 
1 1 .  M2 arch breadth: correlated with symphyseal 
height, symphyseal breadth, corpus height, corpus 
thickness, mandibular length and height of ram us. 

Discussion 

Pearson and Davin (1924) distinguished 
between 'spurious' and 'organic' correlations in 
their examination of the levels of correlation 
between cranial variables. They demonstrated 
that the presence of common components in two 
indices produced a spurious correlation between 
the index variables. Solow (1966) was able to 
quantify the expected levels of correlation 
between cranial measurements sharing common 
reference points or covering similar anatomical 
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Figure 56 Influence of distance between male and female means on Pearson's correlation coefficient. In (a) 
the increased level of correlation in the pooled-sex sample is an artifact of the male and female 
distributions while (b) displays a moderate level of covariation with less distance between the male 
and female group means 

regions. He distinguished between 
'topographical' (variables sharing common 
reference points) and 'non-topographical' corre­
lation (coordinated variation of reference points 
that are not common to both variables) .  'An 
observed correlation between variables that are 
not topographically related, with no reference 
point in common, may be considered to reflect a 
biological co-ordination' (Solow 1966:24). 
Brown's (1973) factor analysis of Aboriginal 
crania paid particular attention to the spurious 
correlation between variables covering the same 
anatomical region. With the variables used in the 
present analysis a moderate level of spurious 
correlation is to be expected as several measure­
ments cover the same anatomical region. Cases 
of this sort are: 
1 .  Symphyseal height and corpus height: these two 
variables measure the same general anatomical region, 

the height of two parts of the mandibular body from 
the inferior to its superior border. It is not surprising 
therefore that high levels of correlation were found 
between these two variables in each of the three 
matrices, with between 28 and 56% of their variation 
being accounted for by their shared linear relationship. 
Least squares regression using these two variables 
resulted in a singularity due to colinearity (one 
variable a scaled representative of the other) and it 
would be pointless to include both of these variables in 
a discriminant analysis due to the redundancy 
involved. 
2. Symphyseal thickness and corpus thickness: these 
two dimensions measure a related anatomical region, 
the thickness of different parts of the mandibular 
body. These two regions are, however, differentiated 
anatomically by a number of apparently unrelated 
anatomical features which influence the mesial-lateral 
and anterior-posterior dimensions at these points (size 
of the mental trigone, development of the lateral 
prominence, size and morphology of the mylohyoid 
ridge) . The only high correlation involving these two 



128 

variables is in the Murray Valley male sample (r = 

0.64) . In both the female and pooled-sex samples, 
scatterplots of these data displayed considerable dis­
persion (standard error of estimate males 1 .009, 
females 1 .480 and pooled-sex sample 1 .331) with a 
regression equation for the males x = 10.640 + 0.368y, 
females x = 12.688 + 0.161y and pooled-sex sample of 
x = 10.940 + 0.318y. 
3.  Bicondylar breadth, bigonial breadth and M2 arch 
breadth: just as there is an obvious morphological 
association between breadths of the zygomatic arches 
and cranial vault, brought about by their anatomical 
relationship (Brown 1973:42), a similar correlation 
could be expected between these mandibular 
variables. Bicondylar and bigonial breadths were 
moderately correlated in the male and pooled samples. 
Bone growth at gonion and in the region surrounding, 
and including, the masseteric fossa is linked to muscle 
development and masticatory function. The functional 
links between bigonial breadth and muscle develop­
ment probably account for the lower than expected 
correlations between bicondylar and bigonial breadth. 
The independence of these two dimensions is 
supported by the relatively large standard errors 
calculated in regression equations involving these two 
variables (male SE 4.645, female SE 7.359 and pooled 
sex SE 6.299). M2 arch breadth was not highly corre­
lated with these two variables in any of the matrices. 
Breadth of the dental arch at the second molar appears 
to be an independent measure of breadth, unrelated to 
the bicondylar and bigonial dimensions. It is apparent 
that individuals with broad mandibular dental arcades 
do not have necessarily great posterior breadth in the 
mandible. 
4. Maximum and minimum ramus breadths: these 
two variables cover a related anatomical region and 
some spurious correlation is expected. Moderate 
levels of correlation were found between these two 
variables in the Murray Valley male and pooled-sex 
samples. The maximum ramus breadth dimension 
used in this analysis may be influenced by functional 
and age-related changes in the morphology of the 
coronoid process, mandibular condyle and angle of the 
mandible. Scatterplots and least squares regression 
involving these variables, although having a generally 
linear trend, had considerable dispersion and little 
predictive value (male SE 2.269 with x = 1 3.527 + 
0.459y, female SE 1 .760 with x = 13 .527 + 0.459y and 
pooled sex SE 2.244 with x = 10 .764 + 0.496y) . It is 
clear that these variables are not simply scaled repre­
sentatives of each other and the inclusion of both of 
them in a multivariate procedure should provide 
additional information. 

The broadly allometric relationship of the 
mandibular dimensions is apparent from the 
pooled-sex sample. With increasing mandibular 
length there is an increase in symphyseal and 
corpus height, the rami increase in height and 
breadth and there is an increase in the posterior 
breadth of the mandible. Both bicondylar and 
bigonial breadths have lower levels of correlation 
with the other mandibular variables than does 
mandibular length. It is possible for a mandible 
to be relatively small in terms of length and the 
dimensions of the corpus and ramus but have 

relatively great posterior breadth. Mandibles 
with great length and proportionally small 
posterior breadth were also apparent. Bigonial 
and bicondylar breadth, and to a lesser extent 
mandibular length, have higher levels of correla­
tion with cranial dimensions than do the other 
mandibular variables (Brown 1982:Appendices 4-
6). 

Coobool Creek 

To maximise the use of the Coobool Creek 
data the male and female mandibles were pooled 
and a pairwise deletion method employed when 
calculating the correlation coefficients. However, 
for purposes of Pearson's correlation coefficient 
and least squares regression the sample is still 
extremely small (n = 6-29) and too much 
emphasis should not be placed on these results. 
The influence of sampling effects on correlation 
coefficients is highlighted by a comparison of the 
correlation coefficients obtained with the present 
Coobool Creek sample in contrast to the smaller 
sample in Brown (1982). Although the overall 
pattern is similar, conflicts at a detail level are 
somewhat alarming. Nineteen correlations are 
significant at the 0.05-0.001 level. Not 
unexpectedly the highest positive correlation (n = 
27, r = 0.78, P = .001 ) is between symphyseal 
height and corpus height followed, surprisingly, 
by symphyseal thickness and ramus height (n = 
19, r = 0.70, P = .001)  (Table 57). Nineteen corre­
lation coefficients are greater than 0.39 and there 
are eight low negative correlations (r = -0.28 to 
-0.05). 

Summary (correlation coefficients greater than 
0.39) 
1. Symphyseal height: correlated with corpus 
height, bigonial breadth and ramus maximum breadth. 

2. Symphyseal thickness: correlated with bigonial 
breadth, ramus height, maximum and minimum 
ramus breadth and M2 arch breadth. 
3 .  Corpus height: correlated with symphyseal 
height, bigonial breadth and maximum ramus breadth. 
4. Corpus thickness: correlated with bicondylar 
breadth, ramus height and M2 arch breadth. 
5. Bicondylar breadth: correlated with corpus 
height. 
6. Bigonial breadth: correlated with symphyseal 
height, symphyseal thickness, corpus height, ramus 
height and ramus maximum breadth. 
7. Mandibular length: no correlations greater than 
0.34. 
8.  Ramus height: correlated with corpus thickness, 
bigonial breadth, ramus maximum breadth and M2 
arch breadth. 
9 .  Ramus maximum breadth: correlated with 
symphyseal height, symphyseal thickness, corpus 
height, bigonial breadth, ramus height, ramus mini­
mum breadth and M2 arch breadth. 



10 .  Ramus minimum breadth: correlated with 
symphyseal thickness and ramus maximum breadth. 
1 1 .  M2 arch breadth: correlated with symphyseal 
thickness, corpus thickness, ramus height and ramus 
maximum breadth. 

Discussion 

In interpreting the Coobool Creek mandibular 
correlation coefficients it should be noted that the 
sample consists of 21 reasonably complete male 
mandibles and nine more fragmentary female 
mandibles. Although the female contribution to 
the pooled correlation coefficient matrix is less 
than the males, the correlations will still have 
been increased by the distance between the male 
and female means. One or two outlying points 
can greatly increase, or decrease, the size of a cor­
relation coefficient and there are a number of 
examples of this in the pooled-sex matrix. Even 
within the limitations of this analysis it is 
apparent that one of the Coobool Creek correla­
tion series is unusual. In the Murray Valley 
matrices there are generally moderate to high 
correlations (especially in the male and pooled­
sex samples) between mandibular length and the 
other variables. In the Coobool Creek matrix five 
of the correlation coefficients involving 
mandibular length are between -0.17  and 0.01 
and only two correlations exceed 0.39 (ram�s 
height and ramus maximum breadth). In this 
sample there appears to be no allometric associa­
tion between the length of the mandible and 
symphyseal and corpus thickness, bic?�dylar 
and bigonial breadth and ramus mmimum 
breadth. 
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DISCRIMINANT FUNCTION ANALYSIS 

The small size of the female sample in both 
the Coobool Creek and Broadbeach series 
resulted in the discriminant analysis being con­
fined to the male samples. By sex and by 
population, variables were compared wi� a 
standard normal distribution using the Shapiro­
Wilk test (W) and normal probability plots 
(Tables 43-46). Dimensions which repeatedly 
obtained low to significant values for W (P = .02-
.000) are corpus thickness (Coobool Creek males, 
Murray Valley males and females, Swanport 
females and Broadbeach males) and symphyseal 
thickness (Murray Valley males and females and 
Swanport males). Symphyseal height (Murray 
Valley females), corpus height (Murray Valley 
males and females) and M2 arch breadth 
(Murray Valley females and Broadbeach males) 
also have distributions which deviated from the 
normal. Normal probability plots of the 
symphyseal and corpus dimensions �ll dis,rlayed 
peaked, abrupt distributions (kurtosis) (Fig.57a). 
These dimensions had been recorded to the 
nearest 1 mm which resulted in the clustering of 
the cases around too few points. A measurement 
scale with a greater number of intervals (0.5 � 
divisions) would have been more appropnate. 
The distribution of M2 arch breadth has a 
marked right skew (Fig.57b). Although corpus 
height in males could be easily excluded from the 
discriminant analyses, as symphyseal height 
covered a closely related anatomical region, there 
were no variables which could substitute for M2 
arch breadth. In this instance, complying with 
the distributional assumptions of discriminant 
analysis and discarding M2 ar�h br�adt� would 
have restricted the amount of b10logical informa­
tion obtained. 
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Figure 57 Normal probability plots of symphyseal thickness and M2 arch bread�h. Symph�sea� thic���s ha� 
a peaked distribution due to an inappropriate measurement scale, while the d1stnbuhon o arc 
breadth is skewed to the left 



130 

The other major criteria influencing variable 
selection, as well as the retention of M2 arch 
breadth, was preservation. All of the mandibular 
data sets are incomplete. The Coobool Creek 
mandibles, in particular, commonly have 
damaged mandibular condyles and rami. 
Although there are procedures which substitute 
data for missing values (either by using estimates 
obtained in least squares regression or by insert­
ing the mean of the actual observations) these 
techniques tend to reduce sample variation and 
compromise the final results. For this reason the 
discriminant analyses were confined to real data. 
In order to maximise the number of mandibles 
included in the analyses, variables were selected 
which had a high incidence of preservation, 
appeared to discriminate between the samples in 
univariate comparisons and if possible were also · 
normally distributed. The selected variables are 
symphyseal height, corpus thickness, mandibular 
length, ramus height, minimum ramus breadth 
and M2 arch breadth. The selection of these six 
variables reduced the size of the male sample to 
Coobool Creek (n = 10), Murray Valley (n = 35), 
Swanport (n = 10), Broadbeach (n = 12). None of 
the Barham mandibles, and just I<Sl from Kow 
Swamp, were complete enough to be included. 
Of the isolated terminal Pleistocene and early 
Holocene mandibles only Lake Nitchie has the 
selected variables preserved (Table 50). 

A series of two-group discriminant analyses 
were performed followed by a four-group com­
parison. The purpose of the two-group analyses 
was to maximise the descriptive information that 
could be recovered. Also the interpretation of 
several statistics associated with the discriminant 
procedure is more straightforward when there 
are only two groups included, with only one 
function produced. To gain some idea of the 
extent of within-population variation the initial 
discriminant analysis was between male and 
female mandibles from the Murray Valley. This 
interpopulation variation could then be con­
trasted with that found between the male 
populations. Covariance matrices were 

generated for each group and a test for equality 
of the matrices (Box's M) employed. 
Mahalanobis distance (D2), Wilk's Lambda, 
canonical correlations, standardised coefficients 
and probabilities of misclassification were 
examined for each group. 

Results 

Homogeneity of covariance was tested in each 
of the discriminant runs using Box's M (Box 
1949). In each comparison the F values were not 
significant at the 5% level indicating that the dis­
persion in each of the groups was reasonably 
similar (Table 58). 

Murray Valley males and females 

Although the variables included in this 
analysis were not selected for their ability to dis­
criminate between male and female mandibles, a 
high level of discrimination was obtained in this 
comparison. The classification results indicated 
that 80.6% of the male mandibles and 85.0% of 
the female mandibles were correctly classified by 
the function. There is, however, a large area of 
overlap between the male and female distribu­
tions and little distance between the respective 
group centroids (Fig.58). The standardised 
canonical coefficients indicate that the major dis­
criminating variables between these two groups 
are symphyseal height and ramus height with the 
remaining variables contributing less to the dis­
criminatory power of the function (Table 59) .  
The small negative standardised coefficient for 
corpus thickness (-0.192) indicates that the female 
mean value slightly exceeded that for males in 
this sample and supports the Student's t test 
results for the complete Murray Valley series 
which show a low level of sexual dimorphism for 
this dimension (Table 44). An examination of the 
univariate data for these groups suggests that if 
either bigonial or bicondylar breadth had been 
included, this would have increased the distance 
between the male and female centroids. 

Table 58 Test for equality of the group covariance matrices 

F Degraas of P roba -
Box ' s M stat i st i c  fraadom bility 

Mu rray Va l l ey mal e - fema l e  0 . 2 4 0  1 . 0 4 5  2 1 ,  1 9 6 5 8 . 6  0 . 4 0 2 
Cooboo l  C reek -Murray Va l l ey 0 . 2 3 6  0 . 7 8 5 2 1 ,  7 7 3 . 2  0 . 7 3 9  
Cooboo l  Creek - Swanport 0 . 3 0 7  0 . 8 8 2  2 1 ,  1 0 3 2 . 9  0 . 6 1 5  
Cooboo l  C reek -Broadbeach 0 . 1 6 8  0 . 5 2 9  2 1 ,  1 0 4 2 . 8  0 . 9 5 9  
Mu rray Va l l ey - Swanport 0 . 2 7 2  0 . 9 4 6  2 1 ,  1 0 0 5 . 2  0 . 5 2 9  
Mu rray Va l l ey -Broadbeach 0 . 2 0 7  0 . 6 7 9  2 1 ,  1 3 6 2 . 5  0 . 8 5 7  
Swanport -Broadbea ch 0 . 2 0 6  0 . 6 7 9  2 1 ,  1 3 6 2 . 5  0 . 8 5 6  
Cooboo l  Creek -Mur ray Va l l ey -

Swanport -Broadbea ch 0 . 6 6 9  0 . 7 9 8 6 3 ,  2 7 7 7 . 6  0 . 8 7 5  



Table 59 Canonical coefficients standardised by conditional (within groups) standard deviations for each of the two-group analyses 

Murray Valley- Coobool Creek- Coobool Creek- Coobool Creek- Murray Valley- Murray Valley- Swanport-
-le-female Murray Valley Swanport Broadbeach Swanport Broadbeach Broadbeach 

Symph y s e a l  h e i ght 0 . 5 4 6  0 . 5 5 2  0 . 6 1 4  0 .  7 5 9  0 . 7 8 4  - 0 . 9 2 5  0 . 4 0 2 
Co rpu s t h i c k ne s s - 0 . 1 9 2 - 0 . 1 2 0  0 . 3 9 5 - 0 . 1 3 1  - 0 . 3 3 9  0 . 7 4 8  0 . 9 7 6  
Mandibu l a r  length 0 . 1 6 2 - 0 . 2 2 8  0 . 4 0 7 - 0 . 1 5 8  0 . 4 2 3  0 . 5 5 4  0 . 9 3 2  
Ramu s hei ght 0 . 4 0 0  0 . 2 8 8  - 0  . 1 1 5  0 . 2 5 9  - 0 . 7 7 0  0 . 4 4 1  - 0 . 2 1 8  
Ramu s min imum b re adth 0 . 2 8 2 0 . 2 9 8 - 0 . 0 8 6  0 .  4 6 5 0 . 1 0 9  - 0 . 4 7 8  - 0 . 9 8 9  
M 2  a r ch bre adth 0 . 2 6 5 0 . 7 0 5 0 . 4 9 1 0 . 8 2 8  0 . 0 7 6  - 0 . 1 4 1  0 . 1 8 2 

Table 60 Eigenvalues, canonical correlations and Wilk's Lambda for the eight discriminant analyses 

Degree a 
Variance Canonical Wilk ' a of P roba-

Eigenvalue % correlation Lambda x2 freedom bility 

Mu rray Va l l ey 
ma l e- fema l e  1 . 1 7 0  1 0 0  0 . 7 3 4  0 . 4 6 0 5 5 . 0 1 3  6 0 . 0 0 0 0  

Coobo o l  Creek-Mu r ray 
Val ley 0 .  7 2 0  1 0 0  0 . 6 6 1  0 . 5 6 3  2 3 . 0 1 0  6 0 .  0 0 1 4  

Coobo o l  Creek - S wanport 5 . 0 5 4  1 0 0  0 . 9 1 3  0 . 1 6 7 2 6 . 8 3 7  6 0 . 0 0 0 3  
Coobo o l  Creek-B roadbe ach 2 . 9 1 8  1 0 0  0 . 8 4 8  0 . 2 8 0  2 1 . 6 2 0  6 0 . 0 0 0 2  
Mu r ray Va l l ey - S wanport 1 . 5 8 7  1 0 0  0 . 7 8 3  0 . 3 8 6  3 8 . 9 7 2  6 0 . 0 0 0 0  
Mu rray Va l l ey-Broadbe ach 0 . 6 9 6  1 0 0  0 . 6 4 0  0 . 5 8 9  2 4 . 3 2 1  6 0 . 0 0 0 5  
Swanport -Broadbeach 3 . 4 7 8  1 0 0 0 . 8 8 1  0 . 2 2 3  2 9 . 9 9 8  6 0 . 0 0 0 0  
Coobool Creek-Mu r ray 

Val ley- Swanpo rt -
Bro adbe ach 

Funct ion 1 1 . 0 5 6  5 4  0 . 7 4 8  0 . 2 2 8  9 0 . 2 3 0  1 8  0 . 0 0 0 0  
Function 2 0 . 5 7 9  3 0  0 . 5 4 7  0 . 4 8 4  4 0 . 1 5 5  1 0  0 . 0 0 0 0  
Function 3 0 . 3 0 6  1 6  0 . 5 1 1  0 .  7 6 5 1 8 . 4 9 0  4 0 . 0 0 1 8  

...... 
VJ ...... 
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Coobool Creek and Murray Valley males 

The canonical discriminant functions cal­
culated from the six mandibular variables 
correctly predicted the group membership of all 
but two of the Coobool Creek mandibles (80%) 
and 86.1 % of the Murray Valley sample (Fig.59). 
The second lowest canonical correlation and 
eigenvalue were associated with this function, 
indicating the relative closeness of the two 
variable sets defining group membership (Table 
60). Some similarity of the Coobool Creek and 
Murray Valley mandibles is to be expected given 
that they come from the same general geographic 
area and there is a lack of temporal control in 
both samples. 

The standardised coefficients indicate that the 
principal discriminating variable was M2 arch 
breadth followed by symphyseal height. In the 
univariate results there are significant differences 
between the Coobool Creek and Murray Valley 
male means for each of these dimensions (P = 
.000) (Table 59). Five Coobool Creek mandibles 
(CC29, 36, 45, 49 and 71 ) fall within the extremes 
of the Murray Valley range of variation. The 
classification results assigned probabilities of 
65% and 61 % for CC45 and 49 being drawn from 
the Murray Valley sample, while the other three 
mandibles were clearly allocated to the Coobool 
Creek group (81-90% probability). The Coobool 
Creek mandible at the greatest distance from the 
Murray Valley centroid is CC46. Only one of the 
Kow Swamp mandibles (KSl)  is complete 
enough to be classified using the standardised 
coefficients produced by this analysis and it 
obtains a discriminant function score similar to 
CC65 (Fig.59) .  However, breadth dimensions in 
KSl (bigonial, bicondylar and M2 arch breadth) 
have been greatly increased by post-depositional 
warping and there is also some expansion of the 
bone within the corpus. As three of the dimen­
sions used in this analysis (symphyseal height, 
corpus thickness and M2 arch breadth) have been 
inflated by taphonomic processes in KSl its pre­
depositional, or biological, location in Figure 59 
would have been closer to the Murray Valley 
group mean, but probably still within the 
Coobool Creek range of variation. 

Coobool Creek and Swanport males 

In terms of the selected variables these two 
groups are the least similar in the two-group 
analyses combining a large eigenvalue and 
canonical correlation with a relatively small 
Wilk's Lambda (Table 60). A plot of the dis­
criminant function scores displays the wide 
separation of the group means (centroids) and 
the discrete distribution of each sample (Fig.60). 

These two samples were the most easily dif­
ferentiated pair in the analysis with the largest 
value for D2 and its associated F statistic (Table 
61) .  

Within the range of variation defined by the 
univariate statistics these two groups represent 
opposing morphometric extremes for a number 
of variables (Table 59). The standardised coef­
ficients indicate that the most important 
discriminator is symphyseal height, with M2 arch 
breadth, mandibular length and corpus thickness 
being slightly less important. The general trend 
for greater size at Coobool Creek is reversed for 
ramus height and minimum ramus breadth at 
Swanport. 

Coobool Creek and Broadbeach males 

The results of this analysis are similar to the 
Coobool Creek-Swanport comparison, with a 
plot of the canonical discriminant function scores 
displaying the wide separation of the group 
centroids (Fig.61 ) .  Only one of the Coobool 
Creek mandibles (CC45) falls within the 
Broadbeach range of variation. A comparison of 
these results with the Coobool Creek-Swanport 
data reveals that the group centroids are closer in 
this analysis and this is reflected in the lower 
eigenvalue and D2 associated with the function 
(Tables 60-61) .  This is a product of the larger size 
of the Broadbeach mandibles relative to those 
from Swanport, with greater symphyseal height, 
mandibular length and M2 arch breadth (Tables 
45-46). 

M2 arch breadth, symphyseal height and 
minimum ramus breadth are the major discrimi­
nators in this function with the remaining 
variables being far less important (Table 59). The 
general trend for greater size in the Coobool 
Creek mandibles is slightly reversed for 
mandibular length and corpus thickness in the 
selected Broadbeach sample, with low negative 
standardised coefficients (Table 59). The 
Coobool Creek mean values for the three major 
discriminating variables are significantly greater 
than the Broadbeach means (P = .015-.000). 

Murray Valley and Swanport males 

A surprisingly high level of discrimination 
was achieved in this analysis, with the final 
function correctly predicting the group member­
ship of 91 .7% of the Murray Valley sample and 
100% of the Swanport group. The discriminant 
function scores of the two groups, as defined by 
the discriminating variables, do not overlap and 
there is a moderate separation of the group 
centroids (Fig.62) . 

The standardised coefficients indicate that 
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there are three major discriminating variables in 
the analysis: symphyseal height, ramus height , 
and mandibular length (Table 59). The Swanport 
mandibles combine a symphyseal height and 
mandibular length which are at the lower end of 
the Aboriginal range with a ramus height which 
exceeds that recorded for most other populations. 
Student's t indicates that the differences between 
the mean values, at Swanport and the Murray 
Valley, for the three primary discriminators are 
significant (symphyseal height t = 4.30, P = 0.000; 
ramus height t = -4.17, P = .OOO; mandibular 
length t = 3.36, P = 0.001 ) .  

Murray Valley and Broadbeach males 

Of the groups included in these analyses these 
two were the most similar. Even so the canonical 
function correctly predicted the group member­
ship of 83.3% of the Murray Valley sample and 
73.3% of the Broadbeach series. There is a 
moderate degree of overlap in the distribution of 
the two groups, with less distance between the 
group centroids than in the other analyses (Table 
61, Fig.63). The lowest eigenvalue, canonical cor­
relation and D2 are associated with this function, 
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however, Wilk's Lambda and its associated x2 
are still significant (Tables 60-61) .  

The major discriminating variable is symphy­
seal height, with corpus thickness, minimum 
ramus breadth and ramus height being slightly 
less important (Table 59). The difference 
between the Murray Valley and Broadbeach 
means is significant for only one of the discrimi­
nating variables, symphyseal thickness (t = 2.84, 
p = .006). 

Swanport and Broadbeach males 

There is a wide separation of the group 
centroids formed by the canonical discriminant 
function, with only a small overlap between the 
distributions of the two groups (Fig.64). A 
relatively large eigenvalue and canonical corre­
lation indicate the importance of this function, 
with 90% of the Swanport mandibles and 100% of 
those from Broadbeach being correctly classified. 
The standardised coefficients demonstrate that 
the three major discriminating variables 
(minimum ramus breadth, corpus thickness and 
mandibular length) discriminate between these 
groups fairly equally (Table 59). Comparison of 

Table 61 Mahalanobis distances (IY), F statistics and significance 
between pairs of groups 
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the mean values for each of these variables using 
Student's t obtained significant results for 
mandibular length and minimum ramus breadth 
(corpus thickness t = 0.90, P = 0.373; mandibular 
length t = 4 .90, P = 0.012; ramus height t = 4.27, p 
= 0.000).  The Broadbeach mandibles combine a 
mandibular length which is at the top of the 
Australian range with relatively narrow, and 
low, rami. The Swanport mandibles are short in 
their anteroposterior dimension with relatively 
broad and high rami. 

Coobool Creek, Murray Valley, Swanport and 
Broadbeach males 

The purpose of the four-way comparison was 
a1:1 examination of the matrix of pairwise F ratios, 
distance between group centroids and the proba­
bilities of misclassification. The matrix of 
pairwise F ratios consists of an F ratio for each 
pair of groups (Table (;jl).  This F is the signifi­
cance test for the Mahalanobis distance between 
groups and a test for the equality of pairs of 
centroids (Nie et al. 1975:460). Mahalanobis 
distances and their associated F statistics indicate 
that the closest groups in the analysis are Murray 
Valley and Broadbeach, followed by Murray 
Valley and Coobool Creek and Broadbeach and 
Swanport. The most distant pairs in the analysis 
are Coobool Creek and Swanport and Murray 
Valley and Swanport. 

Group classification results (Table 62) support 
the F ratios in demonstrating that the most dis­
tinctive mandibles in the analysis come from 
Swanport, with the discriminant procedure 
correctly assigning all but one of the Swanport 
mandibles (90%). This was followed by 
Broadbeach (75%) which has a 25% overlap with 
the Murray Valley, and Coobool Creek (70%), 
with one mandible allocated to each of the other 
samples. A plot of the discriminant function 
scores (Fig.65) has the Murray Valley and 
Broadbeach centroids in fairly close association, 
while Coobool Creek and Swanport are more 
distinct. 

Table 62 Group classification results 

Coobool Creek 
Actual group n n % 

Coobool Creek 1 0  7 7 0 . 0  
Mu rray Va l l ey 3 5  6 1 7 . 2  
Swanport 1 0  0 . 0  
Broadbe ach 1 2  0 . 0  

GEOGRAPHIC AND TEMPORAL 
VARIATION IN MANDIBULAR SIZE AND 

MORPHOLOGY 

The results of the univariate and discriminant 
a�a�yses demonstrate that regional variation, at a 
s1rm�ar 

_
level to that d:scribed for Aboriginal 

crarua, is also present m the mandible. The 
distances between several populations (Swanport 
and Murray Valley, Swanport and Broadbeach) 
exceed the interpopulation, sex-based variation 
found within the Murray Valley sample. 
Canonical discriminant functions calculated from 
the Murray Valley, Swanport and Broadbeach 
mandibles are able to distinguish between these 
samples with an accuracy ranging from 77-100% 
in two-way comparisons and 61-90% in the four­
way comparison. The most distinctive mandibles 
in the discriminant analysis are the Swanport 
series. The major variable distinguishing these 
mandibles from the Murray Valley and 
Broadbeach is mandibular length. The Swanport 
mandibles combine a mandibular length at the 
lower end of the Australian range, with a low 
corpus and absolutely large rami. Although 
short in their anteroposterior dimension the 
Swanport mandibles have dental arches which 
are as broad as the larger mandibles from the 
Murray Valley and Broadbeach. The maximum 
resting length of a mandible is influenced by the 
anteroposterior curvature of the inferior border 
of the corpus and the angle at which the rami 
ascen� from the gonial region. As the Swanport 
mandibles tend to have. particularly vertical rami 
this has tended to reduce their mandibular length 
in respect to the Murray Valley and Broad beach 
mandibles which appear to have a more 
posterior inclination of their rami. 

In 
.
the discriminant analysis Murray Valley 

mandibles tended to occupy the middle ground. 
For a number of variables (corpus thickness, 
mandibular length, ramus breadth and M2 arch 
breadth) the Murray Valley means fall closer to 
the overall sample means than do the Swanport 
and Broadbeach mandibles. In the four-way 
comparison this group displayed the greatest 
dispersion about their centroid and had the 
maximum overlap with the other samples. 

P redi cted group membership 

Murray Valley Swanport Broadbeach 
n % n % n % 

1 1 0 . 0  1 1 0 . 0  1 1 0 . 0  
2 2  6 2 . 8  2 5 . 7  5 1 4 . 3  

0 . 0  9 9 0 . 0  1 1 0 . 0  
3 2 5 . 0  0 . 0  9 7 5 . 0  
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Figure 65 Canonical discriminant function score distribution for male mandibles from Coobool Creek, 
Murray Valley, Swanport and Broadbeach 

Thirty-seven per cent of the Murray Valley 
mandibles were allocated to groups other than 
their own. I suspect that to some degree this is 
an artifact of the temporal and geographic origins 
of the Murray Black collection from which this 
sample originated. The Swanport and 
Broadbeach skeletons were each recovered from 
single cemeteries (Stirling 1911 ;  Haglund 1976). 
One of these, Broadbeach, appears to have been 
in use for more than 1000 years, while the time 
period in which the Swanport site was in use is 
unknown. Morphological similarity, an 
unusually high frequency of some masticatory 
pathologies (interproximal cervical caries and 
arthritic modification of the temporomandibular 
joint), combined with the unique position they 
occupy in statistical analyses (Pietrusewsky 1979, 
1984), suggests that the Swanport skeletons form 
part of a closely related biological unit. 
Contrasting with Swanport and Broadbeach the 
Murray Valley series used in this analysis stems 
from a much larger geographic area (Sunderland 
and Ray 1959) and is without any form of 
temporal control. Although highly variable, as a 
group the Murray Valley mandibles can be 

identified, to a lesser degree, by the same 
features which distinguish the Coobool Creek 
mandibles. They have greater overall size, high 
symphyses, great bigonial breadth and narrower 
rami. 

Temporal variation within a specific geo­
graphic region, the central Murray Valley, can be 
examined through a comparison of the terminal 
Pleistocene mandibles from Coobool Creek and 
Kow Swamp, with the mid-Holocene series from 
Barham and the 'recent' Murray Valley series. A 
complex of morphological and metrical features 
clearly distinguish the Coobool Creek mandibles 
from the recent Aboriginal mandibles from the 
Murray Valley, as well as Swanport and 
Broadbeach. There is great height in the corpus, 
both at the symphysis and posteriorly between 
the first and second molars. This is combined 
with generally extreme development of the 
lateral prominence on the lateral surface of the 
corpus. Medially the mylohyoid ridge passes in 
a low smooth curve downwards to the sub­
maxillary fossa and the inferior border, rather 
than dropping away abruptly below the mylo­
hyoid line. The rami are tall and broad with 
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high, robust coronoid processes which frequently 
exceed the condyles in height. There are large, 
deep masseteric fossae on the lateral surface of 
the rami, with marked eversion of the angles, 
especially in males. On the medial surface of the 
ramus is a large and rugose area of attachment 
for the medial pterygoids. The mandibular 
condyles are broad in their medial-lateral 
dimension and narrow anteroposteriorly with 
little evidence of temporomandibular joint dys­
function. There is massive posterior breadth, 
both bigonial and bicondylar, with a broad 
dental arch. Several individuals from Coobool 
Creek exceed the mid-Holocene and recent 
Aboriginal range for these dimensions. 

To a large degree, both morphologically and 
metrically, the small Kow Swamp series 

(particularly KSl,  5 and 7) and the Nacurrie 
mandible, conform to the Coobool Creek pattern 
(Tables 48-50). They all have tall, receding 
symphyseal regions, thickened and robust 
mandibular corpora, extremely broad dental 
arches, great bigonial breadth and relatively tall 
and narrow rarni. Morphological similarities 
include functional attributes like large and 
rugose areas of muscle attachment, a thickened 
lateral prominence, deep and broad precoronoid 
fossae, prominent endocoronoid crista and 
mylohyoid ridges without sharply defined mylo­
hyoid lines. Individually, each of these 
morphological and metrical features are present 
in more recent Aboriginal mandibles from the 
central Murray Valley but rarely in the combina­
tion that is found at Coobool Creek. 
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v 
COOBOOL CREEK TOOTH SIZE 

INTRODUCTION 

The earliest descriptions of the Aboriginal 
dental complex were limited to brief comments 
on tooth morphology, tooth size and attrition 
(Turner 1884; Topinard 1872; Duckworth 1904). 
The first detailed comparative statements were 
the astute, though brief, observations of Klaatsch 
(1908) who combined morphological and metri­
cal description of the teeth and palate with a 
general account of occlusion and the helicoidal 
plane in Aborigines. 

In 1925 Campbell published his extensive 
description of the Aboriginal dentition and 

palate. °:er the next decade, increasing interest 
m functional and epidemiological issues 
(Campbell and Lewis 1926; Campbell 1928, 1937, 
1938a, 1938b; Campbell and Gray 1936) resulted 
in Ca�pbell'� second major work (Campbell 
1939), m which he examined the functional 
rela��nship between diet and the Aboriginal 
dentition. These two publications (Campbell 
1925, 1939) remain the classic studies in the 
anthropological literature on the dentition of the 
Australian Aborigines. 

Campbell (1925) was the first to present the 
mesiodistal and buccolingual crown dimensions 
of a large sample of Aboriginal dentitions. Using 
a pooled male and female sample, drawn 
primarily from South Australia (n = 340) and the 
Northern Territory (n = 150), he presented a 
survey of 'approximately 630' individuals. 
Unfortunately, as Freedman and Lofgren (1981)  
note, the subsequent value of these data has been 
reduced by the pooling of the sample, both in 
terms of sex and locality, and the limited statis­
tical data published. 

Subsequent analyses of Aboriginal tooth size 
have concentrated on aspects of sexual 
dimorphism (Barrett et al. 1963; Barrett et al. 
1963a; Barrett et al. 1964; Macintosh and Barker 
1965; Hanihara 1976; Brown and Townsend 1979·  
Freedman and Lofgren 1981; Smith et al. 1981): 
regional variation (Brace 1979, 1980; Freedman 
and Lofgren 1981; Smith et al. 1981), the relative 
contributions of genetic and environmental 
factors to the variability in tooth size (Townsend 
and Brown 1978a, 1978b), and the possibility of 
temporal reduction in Aboriginal tooth size 
(Thome and Macumber 1972; Thome 1975; 
Freedman and Lofgren 1979a; Brace 1980; Brown 
1987a). 

Although a considerable amount of informa­
tion is available on Aboriginal tooth size, there is 
still an inadequate picture of two of the major 
areas of contemporary anthropological interest, 
regional and temporal variation. Until recently 
these issues have been compounded by problems 
associated with some of the published data. As 
noted above for Campbell's work, several studies 
provide only limited geographical control, com­
bined with no subdivision of the sample accord­
ing to sex and these shortcomings persist in more 
recent research (Gabriel 1955; Macintosh and 
Barker 1965). To some degree the apparent limi­
tation� of much of the early work are simply a 
reflection of recent changes in emphasis and the 
ongoing sampling problems associated with 
collections of Australian skeletal material. In this 
respect it is particularly unfortunate that one of 
the most recent, and potentially most useful, 
regional surveys of Aboriginal tooth size, that of 
Brace (1980), is so methodologically flawed that 
few reliable conclusions can be drawn from the 
results (Brown and Townsend 1980· Koritzer 
1980). 

I 

The most comprehensive and detailed 
descriptions of Aboriginal tooth size relation­
ships stem from the longitudinal growth study of 
the Walbiri and Pintubi peoples at Yuendumu 
(Barrett et al. 1963; Barrett et al. 1963a; Barrett et 
al. 1964; Townsend and Brown 1978a, 1978b, 
1979b). Other sexed regional data are provided 
by Freedman and Lofgren (1981 ) for 52 male and 
29 female skeletons from Western Australia 
Smith et al. (1981)  for Broadbeach, Roonka: 
Swanport, Anson Bay and Melville Island, and 
Brown (1987a) for Coobool Creek, the Murray 
Valley and Swanport. As Freedman and Lofgren 
note (1981 :87), 'such data are, of course, 
necessary for the analysis of dental variation 
within Australia and for comparison with the 
now extensive amount of recent fossil cranial 
material available from various parts of the 
continent' . 

Tooth size data have also been presented for 
some of the 'fossil' Australian crania. Smith 
(1918) and Macintosh (1952c) both describe the 
dentition of the Talgai cranium, Macintosh 
(1952b) the teeth and palate of the Cohuna 
cranium, and Adam (1943) those of the Keilor 
cranium, while Davies (1968) presents a detailed 
description of the isolated maxillary medial 
incisor from Devil's Lair in Western Australia 
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dated to between 12,000 and 8000 years BP. 
Although a detailed comparison of the Kow 
Swamp dentitions has not been published, 
Thome and Macumber (1972) provide data for 
KSl and 5. Most recently Freedman and Lofgren 
(1979a) compare the odontometric data for the 
Cossack skeleton with data recorded for other 
Australian prehistoric skeletal material. Brown 
(1987a) provides data for Coobool Creek, Keilor, 
Talgai and LMIII, while Smith et al. (1988) 
presents a description of the Roonka dentitions. 
Unfortunately, the limited statistical presentation 
of data in this latter paper, without standard 
deviations for the dental dimensions, precludes 
other researchers from following up aspects of 
their analysis and discussion. 

My approach to the description of the 
Coobool Creek dentitions, and the eventual 
restriction of this to a comparison of buccolingual 
breadths, was dictated by the nature of the 
material. Dental attrition is marked in most of 
the reconstructed Coobool Creek specimens, with 
large areas of dentine exposed on the occlusal 
surfaces of the teeth, combined with great inter­
proximal attrition. With two exceptions (the 
young adult females CCI and 9) this high degree 
of attrition has removed most of the surface 
morphological detail from the teeth. Information 
as to cusp number, occlusal fissure pattern, 
degree of shovelling of the anterior maxillary 
incisors and the presence of hyperplastic abnor­
malities is not preserved. For this reason no 
attempt was made to present a detailed 
morphological description of the dentitions. 

The rate and extent to which tooth wear is a 
response to a combination of factors of both bio­
logical and cultural origin (Richards and Brown 
1981b). Biological factors include tooth 
morphology and occlusion and the physical and 
chemical properties of the dental hard tissues. 
The principal cultural factors include diet, the 
physical properties of the food bolus, the extent 
to which food has been prepared prior to masti­
cation and the use of the teeth in non-masticatory 
contexts (Campbell 1925, 1939; Howell and 
Brudevold 1950; Anderson and Picton 1957; 
Molnar 1971; Xhonga 1977; Richards and Brown 
1981b). 

Initial descriptions of the Australian dentition 
(Turner 1884) noted the high degree of tooth 
wear, with the rapid loss of hard tissue in the 
deciduous and permanent dentition (Campbell 
1925:65; Murphy 1964) .  This is primarily a 
function of the abrasiveness of the traditional 
Aboriginal diet, minimal premasticatory 
preparation of food (Beveridge 1883:36-38; Curr 
1883:238-50; Campbell 1939), and the use of the 

teeth as tools (Krefft 1865:361; Beveridge 1883:42; 
Curr 1883:283; Gould 1968; Barrett 1977) . 

In Aborigines from traditional situations, as 
soon as the first permanent molar reaches 
occlusion, interproximal facets begin to develop 
on the mesial surface of the crown through 
contact with the deciduous molar. This inter­
proximal wear, which is also found in the 
deciduous dentition, is a feature of permanent 
Aboriginal dentitions prior to the introduction of 
refined European foods. Murphy (1964) 
described the reduction in the size of the dental 
arch in Aborigines which results from inter­
proximal wear and mesial migration. For the 
permanent canines, premolars and molar teeth 
this interproximal wear results in a rapid 
reduction of the length of the crown. The 
morphology of the maxillary and mandibular 
incisors results in a reduction of their mesiodistal 
crown dimensions through the combined effects 
of occlusal and interproximal attrition. 

As a result of this interproximal reduction in 
crown length, the only reliable figures for the 
mesiodistal dimension in Aboriginal dentitions 
appear to be those recorded for the Yuendumu 
series (Barrett et al. 1963a; Townsend and Brown 
1979b). Most of the dental casts from Yuendumu 
have been taken from young adult and subadult 
individuals, who, probably as a result of the large 
component of refined European foods in the diet 
(Campbell and Barrett 1953}, generally have only 
slight interproximal wear. 

In contrast to the dental casts from 
Yuendumu, there was invariably a high degree of 
interproximal wear, in infants and adults, in the 
dentitions from Coobool Creek, Murray Valley, 
Swanport, Roonka, Broadbeach and Kow Swamp 
which I examined. By the time the second per­
manent molars have moved into occlusion, at 
approximately 1 1 .5-12.0 years of age, as much as 
5% of the occlusal surface of the first molar may 
be comprised of exposed dentine, with large 
interproximal facets on the functional permanent 
teeth. As a result of this interproximal wear the 
only dental dimension recorded for this analysis 
was the buccolingual crown diameter. The 
buccolingual crown diameter was defined, after 
Townsend and Brown (1979b:20) as 'the greatest 
distance between the labial or buccal surface and 
the lingual surface of the tooth crown measured 
with a sliding caliper held at right angles to the 
mesiodistal crown diameter of the tooth' . 
Although there is variation between teeth, due to 
differing morphology, position in the dental 
arcade and occlusion, this dimension is generally 
not influenced by tooth wear until occlusal 
attrition is quite advanced. This makes the 



buccolingual dimension more suitable for 
intrapopulation comparison than the mesiodistal . 
dimension. 

Materials and methods 

Adult and juvenile Aboriginal dentitions from 
Coobool Creek, Kow Swamp, Murray Valley, 
Roonka, Barham, Swanport and Broadbeach 
were examined, as well as the serial dental casts 
recorded as part of the longitudinal growth study 
of the Walbiri and Pintubi peoples of Yuendumu 
(Barrett et al. 1964).  With the exception of the 
Yuendumu series, the buccolingual crown 
dimensions were recorded for the left and right 
maxillary and mandibular permanent dentitions 
using a modified Mitutoyo dial caliper with fine, 
sharpened beaks. Measurements were recorded 
to the nearest 0.1 mm . Teeth in which the maxi­
mum buccolingual dimension has been 
influenced by occlusal attrition or postmortem 
damage were excluded from the analysis, as 
were teeth with anomalous crown morphology. 
If a tooth was rotated or otherwise 
malpositioned, measurement was modified 
accordingly. 

With the Coobool Creek, Murray Valley, 
Swanport, Kow Swamp, Barham and Broadbeach 
populations the individuals included in the 
analysis of tooth size are the same as those 
examined in the analyses of cranial and 
mandibular size and morphology (Chapters III 
and IV). In the material excavated from Kow 
Swamp there are a number of isolated teeth. As 
these have not been assigned to particular 
individuals, which may in turn provide informa­
tion as to sex, they were excluded from the 
analyses. Although I examined all of the denti­
tions from Roonka, I include here only the dental 
statistics for eight male crania that can be 
assigned to Roonka Phase II, which is dated to 
the period 4000-7000 BP (Pretty 1977). Other 
comparative data which will be included in the 
analysis are those recorded for Yuendumu by 
Barrett et al. (1964) and Townsend and Brown 
(1979a) . 

Tooth wear, plus postmortem tooth loss and 
damage, resulted in the full variable set being 
recorded for very few dentitions. As a result of 
the incomplete data set, statistical analyses were 
confined to univariate and bivariate comparisons 
of tooth breadth. Even so, several groups 
(Broadbeach females, Kow Swamp and Barham) 
have total sample sizes which are too small for 
meaningful statistical comparison. In my initial 
analysis of these data (Brown 1982) only teeth 
from the left side of the arch were used. In this 
analysis dental dimensions of teeth from the left 

141 

side of the arch are used, but with the right side 
substituted where the left was not preserved. 
This has increased the size of the samples and, in 
some instances, slightly altered the results of the 
descriptive and comparative statistics relative to 
those in Brown (1982). Student's t test is used to 
assess the significance of differences in the group 
means, and Bartlett's M, and its associated x2 
value, differences in variance. Where there is a 
statistical significance in variance, Student's t is 
calculated using the formula based on a separate 
variance estimate. Coefficients of variation (CV = 

s x 100/x) and sex differences in tooth size (male 
x-female x/female x x 100) (Garn et al. 1964) are 
calculated for each sample. 

Tooth breadth data could not be tested against 
the normal distribution as the samples were too 
small (<50) to obtain meaningful results for 
skewness and kurtosis (Pearson and Hartley 
1972) and the Shapiro-Wilk program (W) for 
testing normality in small samples ( <50) would 
not operate with decimalised data (program 
SHPWLK, Y. Pittelkow, Coombs Computing 
Unit, Australian National University). As the 
high frequency of missing data, especially in the 
Coobool Creek sample, precluded multivariate 
comparison of the samples, I did not consider 
that it was essential to demonstrate distributional 
normality. 

Measurement error 

Townsend and Brown (1979b:21 ) examine 
experimental error in tooth measurement. They 
find that measurement procedures are subject to 
error of two types: 'systematic errors arising from 
limitations in the materials and instruments used 
and accidental errors dependent on the consis­
tency with which repeated determinations can be 
made by the same observer'. 

Human teeth are difficult to measure 
accurately. They are irregularly shaped objects 
and in order to obtain reproducible measure­
ments at fine tolerances (0.1 mm) it is essential to 
standardise measurement procedure and equip­
ment. Fortunately an accurate test of both 
equipment and procedure is provided by rep­
licability studies (Hunter and Priest 1960; 
Townsend and Brown 1979b). Forty crania and 
mandibles, with reasonably complete dentitions, 
were selected from the Murray Black Collection 
of the Australian Institute of Anatomy, Canberra. 
I measured the teeth of these specimens in 1979 
and again in 1981 .  The available number of 
paired observations ranged between 14-37. 
Differences between the first and second 
determinations were analysed by computing the 
standard deviation of a single determination 
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Table 63 Experimental error in the measurement of the 
buccolingual crown diameter in 40 crania and 
mandibles from the Murray Valley determined by 
the method of Dahlberg (1940) 

Maxilla Mandible 
Teeth n l eft n right n left 

I l  1 5  . 0 8 1 4  . 0 9 1 6  . 1 0 
I 2  2 4  . 0 8 2 2  . 0 8 2 3  . 0 9 
c 2 3  . 0 7  2 8  . 0 8 3 0  . 0 6 
P l  2 5  . 0 6 2 8  . 0 4 3 0  . 0 7 
P 2  2 8  . 0 8 2 7  . 0 4 3 1  . 1 1 
Ml 2 8  . 0 9 3 1  . 0 6 2 6  . 1 1 
M2 3 5  . 0 7  3 7  . 0 6 3 1  . 1 0 
M3 3 1  . 1 5 3 2  . 1 0 3 5  . 0 9 

Mean . 0 9 . 0 7 . 0 9 

(Dahlberg 1940) (Table 63). These results were 
then compared with those obtained in other 
replicability studies. 

The magnitude of measurement error using 
Dahlberg's statistic ranged from 0.04-0.1 7 mm, 
with 19  of the 32 observations being less than 
0.09 mm. I found that the most difficult teeth on 
which to obtain reproducible measurements 
were the maxillary and mandibular third molars, 
where error ranged from 0.09-0.1 7 mm. This is 
undoubtedly a result of the great morphological 
variation in these teeth. The mean error for the 
combined maxillary and mandibular bucco­
lingual crown dimensions is 0.09 mm. This 
compares favourably with the mean error 
obtained for the buccolingual dimension in other 
studies: Moorrees et al. (1957) .09 mm, Barrett et 
al. (1963a) 0.13 mm, Townsend and Brown 
(1979b) 0.1 1  mm, and for deciduous teeth 
(Margetts and Brown 1978) 0.15 mm. In relation 
to the size of the teeth in this analysis, measure­
ment error is extremely low, ranging from 0.04 
mm for the right maxillary Pl and P2 to 0.1 7  mm 
for the right mandibular M3. A comparison of 
the mean crown dimensions recorded in 1979 
with those recorded for the same teeth in 1981, 
using Student's t test, did not produce any sig­
nificant results. 

SEXUAL DIMORPHISM 

The degree of sexual dimorphism in the 
buccolingual crown dimension was examined in 
the Coobool Creek, Murray Valley, Swanport and 
Yuendumu samples (Tables 64-67). The 
Broadbeach female sample (n = 4) was con­
sidered too small for meaningful comparison, so 
this series was excluded from the analysis. 

Coobool Creek 

The mean values for male tooth breadths in 
the Coobool Creek maxillary and mandibular 

n 

2 1  
2 6  
3 0  
3 2  
2 8  
2 3  
3 1  
3 7  

right 

. 0 8 

. 0 9 

. 0 8 

. 0 7 

. 0 6 

. 1 3 

. 0 6 

. 1 7 

. 0 9 

dentitions exceed all of the female means, with 
significant differences between the means for the 
maxillary and mandibular canines, premolars 
and molars (Table 65).  

Individual dimorphism values range from 
12.17% (mandibular Ml)  to 3.75% (maxillary 
central incisor). Sexual dimorphism is most 
clearly expressed in the mandibular Ml, 11,  Pl 
and P2 and the maxillary Pl (Table 64). 
However, the samples for several of these com­
parisons are extremely small and too much 
emphasis should not be placed on the results. 
The average dimorphism figure for the maxillary 
teeth is 6.86% and mandibular teeth 9.04%.  

Murray Valley 

In this comparison the male means exceed the 
female means for each tooth and in each instance 
the differences between the mean values are 
statistically significant (Table 66).  Dimorphism 
values range from a maximum of 10.0% 
(mandibular canine) to a minimum of 3.03% 
(mandibular I2) (Table 64).  Sexual dimorphism 
was most clearly expressed by the mandibular 
and maxillary canines, the remaining teeth being 
much less dimorphic. Average dimorphism 
figures for the maxillary (6.33%) and mandibular 
(5.38%) teeth are less than those for Coobool 
Creek. 

Swanport 

At Swanport, as in the Coobool Creek and 
Murray Valley samples, the male mean values 
exceed the female means for each tooth. Signifi­
cant differences between the male and female 
means are present for the maxillary I2, C, Pl, P2, 
M2 and M3 and the mandibular C, Pl and M3 
(Table 67).  Individual dimorphism values range 
from 10.22% (mandibular Pl ) to 1 .66% 
(mandibular Ml)  (Table 64) .  The most dimorphic 
teeth in this comparison are the mandibular first 



Table 64 Sexual dimorphism in the buccolingual crown dimensions of Aboriginal populations 

Coobool Creek Murray Val ley Swanport Yuendumu l Yuendumu2 Mean 
Teeth D% R 0% R 0 %  R 0% R D% R D% R 

Maxi l l a ry den t i ti on 
I 1  3 . 7 5 1 6  5 . 1 2 1 1  5 . 1 2 1 2  6 . 0 0 3 5 . 8 0 2 5 . 1 5 1 2  
! 2  4 . 0 5 1 5  5 . 9 7 8 8 . 9 5 4 5 . 0 8 6 5 . 0 0 4 5 . 8 1 6 
c 7 . 7 7 8 9 . 0 9 2 6 . 8 1 9 5 . 1 9 5 6 . 6 0 1 7 . 0 9 2 
P l  1 0 . 0 0 4 6 . 0 0 7 6 . 0 0 1 1  2 . 7 7 1 3  2 . 8 0 1 6  5 . 5 1 9 
P 2  8 . 0 0 7 7 . 0 7 3 6 . 1 2 1 0  2 . 7 8 1 2  3 . 0 0 1 4  5 . 3 9 1 1  
Ml 6 . 2 5 1 2  4 . 7 6  1 3  2 . 3 8 1 5  3 . 4 3 8 4 . 1 0 9 4 . 1 8 1 6  
M2 7 . 7 5 9 6 . 1 5 6 7 . 1 4 7 3 . 3 0 1 0  4 . 6 0 5 5 . 7 8 8 
M3 7 . 3 7 1 0  6 . 5 5 4 7 . 6 2 6 9 . 0 1 1 3 . 5 0 1 2  6 . 8 0 3 

x 6 . 8 6 6 . 3 3 6 . 2 6 4 . 6 9 4 . 4 2 5 .  7 1  

Man di bu l a r  den t i t i on 
I 1  1 1 . 1 1 2 3 . 1 2 1 5  8 . 0 6 5 6 . 6 7 2 4 . 3 0  8 6 . 6 5 4 
! 2  6 . 0 6 1 4  3 . 0 3 1 6  3 . 55 1 3  5 . 7 3 4 4 . 4 0 6 4 . 5 5 1 4  
c 9 . 6 3 6 1 0 . 0 0 1 1 0 . 0 0 2 3 . 2 3 1 1  5 . 2 0 3 7 . 6 1 1 
P l  1 0 . 2 2 3 5 . 7 4 9 1 0 . 2 2 1 1 .  6 1  1 6  3 . 6 0 1 1  6 . 2 7 5 
P 2  1 0 . 0 0 4 4 . 5 4  1 4  6 . 9 7 8 2 . 3 4 9 3 . 2 0  1 3  5 . 4 1 1 0  
Ml 1 2 . 1 7 1 5 . 0 8 1 2  1 .  6 6  1 6  3 . 5 8 7 3 . 0 0 1 4  5 . 0 9 1 3  
M2 6 . 8 9 1 1  5 . 1 7 1 0  3 . 0 9 1 4  2 . 7 4  1 4  4 . 1 0  9 4 . 3 9  1 5  
M3 6 . 2 5 1 2  6 . 3 6 5 9 . 8 0 3 2 . 2 4  1 5  4 . 4 0 6 5 . 8 1 6 

x 9 . 0 4 5 . 3 8 6 . 6 6 3 . 5 1 4 . 0 2 5 .  7 2  

0 %  = D i mo rph i sm per cent 
R = Rank 
1 = Yuendumu f i gure s ca l cu l a t e d  from dat a in B a r r e t t  et a l . ( 1 9 6 4 )  
2 = Yuendumu dat a from T o w n s e n d  and Brown ( 1 9 7 9 a )  

...... 
e 
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Table 65 Buccolingual crown dimensions of the maxillary and mandibular teeth in Coobool Creek males and females (mm) 

Coefficient 
of P roba- Student ' a Proba-

Teeth Sex n x a variation Min . Max .  0 %  Rank x,2 bility t bility 

Maxi l l a ry den t i t i on 
I 1  a 1 0  8 . 3  0 . 2 6  3 . 0 1 7 . 9  8 . 7  3 . 7 5 1 6  2 . 4 6 0 . 1 1 7  1 .  7 4  0 . 1 0 3 � 6 8 . 0  0 . 4 9 6 . 1 2 7 . 5  8 . 8  
! 2  a 1 2  7 . 7  0 . 4 2 5 . 4 5 6 . 9 8 . 5  4 . 0 5 1 5  0 . 0 0 0 . 9 8 8  1 . 5 3 0 . 1 4 3  � 7 7 . 4  0 . 4 2 5 . 6 7 6 . 8  7 . 9 
c a 1 5  9 . 7  0 . 5 0 5 . 1 5 8 . 7  1 0 . 6 7 . 7 7 8 0 . 0 5 0 . 8 1 0  2 . 9 6 0 . 0 0 8  � 7 9 . 0  0 . 4 6 5 . 1 1 8 . 5  9 . 8  
P l  a 1 1  1 1 .  0 0 . 3 8 3 . 4 5 1 0 . 6 1 1 . 8 1 0 . 0 0  4 0 . 6 9 0 . 4 0 5 4 . 1 3 0 . 0 0 1  � 6 1 0 . 0  0 . 5 3 5 . 3 0 9 . 2  1 0 . 7  
P 2  a 1 4  1 0 . 8  0 . 4 6 4 . 2 5  1 0 . 2  1 1 . 7 8 . 0 0 7 1 .  9 2  0 . 1 6 5 2 . 8 7 0 . 0 0 9  � 8 1 0 . 0 0 . 7 3 7 . 3 0 9 . 4  1 1 . 3 
Ml a 1 5  1 3 . 6  0 . 4 4 3 . 2 3 1 2 . 8  1 4 . 2  6 . 2 5 1 2  1 .  6 5  0 . 1 9 8  3 . 0 3 0 . 0 0 7  � 6 1 2 . 8  0 . 7 0 5 . 4 6 1 2 . 1  1 3 . 9  
M2 a 1 4  1 3 . 9  0 . 7 9  5 . 6 8 1 2 . 7  1 5 . 3  7 . 7 5 9 0 . 0 2 0 . 8 6 6  3 . 1 6 0 . 0 0 5 � 8 1 2 . 9  0 . 7 5 5 . 8 1 1 2 . 0  1 3 . 8  
M3 a 1 7  1 3 . 1  0 . 8 6 6 . 5 6  1 0 . 8  1 4 . 4  7 . 3 7 1 0  1 . 3 2 0 . 2 4 9  2 . 0 9 0 . 0 4 8  � 7 1 2 . 2  1 . 2 6  1 0 . 3 2 1 0 . 0  1 3 . 5  

Man di bu l a r  den t i t i on 
I 1  a 3 7 . 0  0 . 1 1 1 . 5 7 6 . 9 7 . 1  1 1 . 1 1  2 3 . 8 2 0 . 0 5 4  1 .  9 6

1 
0 . 0 9 7 � 5 6 . 3  0 . 7 0 1 1 . 1 1 5 . 9 7 .  4 

! 2  a 1 0  7 . 0  0 . 4 5 6 . 4 2 6 . 4  7 .  6 6 . 0 6 1 4  0 . 1 6  0 . 6 8 1  1 .  6 7  0 . 1 1 7  � 5 6 .  6 0 . 5 4 8 . 1 8 6 . 2  7 . 5  
c a 1 5  9 . 1  0 . 4 9 5 . 3 8 8 . 2  9 . 8  9 . 6 3 6 0 . 0 1 0 . 8 9 8  4 . 2 2 0 . 0 0 0  � 9 8 . 3  0 . 4 7 5 . 6 6 7 . 6 8 . 9  
P l  a 1 6  9 . 7  0 . 5 5 5 . 6 7 8 . 6 1 0 . 7  1 0 . 2 2 3 0 . 1 9 0 . 6 5 8  3 . 7 7 0 . 0 0 1  � 9 8 . 8  0 . 5 5 6 . 2 5 7 . 9  9 . 6 
P 2  a 1 6  9 . 9 0 . 5 3 5 . 3 5 9 . 1  1 1 . 0 1 0 . 0 0 4 0 . 5 9 0 . 4 4 1  4 . 4 0 0 . 0 0 0  � 9 9 . 0  0 . 4 1 4 . 5 5 8 . 2  9 . 5  
Ml a 8 1 2 . 9  0 . 3 8 2 . 9 4 1 2 . 1  1 3 . 3  1 2 . 1 7  1 0 . 1 5 0 . 6 9 0  5 . 4 6 0 . 0 0 0  � 4 1 1 . 5 0 . 4 6 4 . 0 0 1 1 . 1  1 2 . 1  
M2 a 1 1  1 2 . 4  0 . 4 7 3 . 7 9 1 1 . 8 1 3 . 2  6 . 8 9 1 1  0 . 2 3 0 . 6 2 8  3 . 6 5 0 . 0 0 2  � 8 1 1 . 6 0 . 5 5 4 . 7 4 1 0 . 9 1 2 . 3  
M3 a 1 7  1 1 . 9 0 . 7 2 6 . 0 5 1 0 . 2 1 2 . 8  6 . 2 5 1 2  0 . 1 5 0 . 6 9 1 2 . 4 7 0 . 0 2 1  � 9 1 1 . 2 0 . 6 4 5 . 7 1 9 . 8  1 1 .  7 

1 S i gn i f i c ant d i f fe rence in v a r i ance indicated by Bart l e t t ' s  x2 , St udent ' s  t c a l cu l ated u s i n g  sepa r a t e  va r i ance e s t imate 



Table 66 Buccolingual crown dimensions of the maxillary and mandibular teeth in Murray Valley males and females (mm) 

Coefficient 
of P roba- Student ' s  Proba-

T-th Sex n x a variat ion Min . Max .  0 %  Rank x2 bility t bility 

Maxi l l a ry den t i t i on 
I l  d' 3 2  8 . 2  0 . 4 4 4 . 6 3 7 . 1  9 . 1  5 . 1 2 1 1  0 . 7 1 0 . 3 9 7  4 . 2 4  0 . 0 0 0  <? 3 4  7 . 8  0 . 3 8 4 . 8 7 6 . 6 8 . 5  
1 2  d' 4 4  7 . 1  0 . 3 7 5 . 3 6  6 . 3  8 . 0  5 . 9 7 8 0 . 1 5 0 . 6 9 3 3 . 9 1 0 . 0 0 0  <? 4 1  6 . 7  0 . 3 9 5 . 8 2 5 . 8  7 . 7  
c d' 4 2  9 .  6 0 . 6 5 6 . 7 7 8 . 7  1 1 . 2 9 . 0 9 2 1 .  8 8  0 . 1 7 0  6 . 2 7 0 . 0 0 0  <? 4 3  8 . 8  0 . 5 2 5 . 9 0 7 . 7  1 0 . 0 
P l  d' 4 0  1 0 . 6 0 . 5 7 5 . 3 7 9 . 5  1 2 . 0  6 . 0 0 7 0 . 0 0 0 . 9 8 0  4 . 7 4 0 . 0 0 0  <? 4 2  1 0 . 0  0 . 5 6 5 . 6 0 8 . 4  1 1 . 3 
P 2  d' 4 4  1 0 . 6 0 . 6 1 5 . 7 5 9 . 4  1 2 . 4  7 . 0 7 3 0 . 8 4 0 . 3 5 8  5 . 2 0 0 . 0 0 0  <? 4 9  9 . 9  0 . 5 3 5 . 3 5 9 . 1  1 1 .  4 
Ml d' 3 9  1 3 . 2  0 . 6 5 4 .  9 2  1 1 . 4 1 4 . 7  4 . 7 6 1 3  2 . 1 8 0 . 1 3 9  4 . 1 2 0 . 0 0 0  <? 4 6  1 2 . 6  0 . 5 2 4 . 1 2 1 1 . 8 1 3 . 9  
M2 d' 4 4  1 3 . 8 0 . 7 7 5 . 5 8 1 2 . 3  1 5 . 7  6 . 1 5 6 1 . 2 1 0 . 2 7 1  5 . 2 5 0 . 0 0 0  <? 5 0  1 3 . 0  0 . 6 5 5 . 0 0 1 1 .  5 1 4 . 6  
M3 d' 4 2  1 3 . 0  0 . 8 6 6 . 6 1 1 1 . 4 1 6 . 4 6 . 5 5 4 0 . 1 6 0 . 6 8 2  4 . 5 9  0 . 0 0 0  <? 5 0  1 2 . 2  0 . 8 0 6 . 5 5 9 . 7  1 4 . 1  

Man dibul a r  den t i t i on 
I l  d' 3 1  6 . 6 0 . 4 0 6 . 0 6 6 . 0  7 . 8  3 . 1 2 1 5  0 .  7 2  0 . 3 9 5 2 . 2 1 0 . 0 3 1  <? 2 2  6 . 4  0 . 3 4 5 . 4 6  5 . 7  7 . 0  
1 2  d' 3 4  6 . 8  0 . 4 4 6 . 4 7 6 . 0  7 . 8  3 . 0 3 1 6  1 .  0 2  0 . 3 1 1  1 .  6 2  0 . 1 0 9  <? 3 3  6 . 6 0 . 5 3 8 . 0 3 5 . 8  8 . 8 
c d' 4 1  8 . 8  0 . 6 0 6 . 8 1 7 . 6  1 0 . 1  1 0 . 0 0 1 5 . 0 8 0 . 0 2 4  7 . 5 8

1 
0 . 0 0 0  <? 4 1  8 . 0  0 . 4 1 5 . 1 2 7 . 2  9 . 1  

P l  d' 3 9  9 . 2  0 . 4 5 4 . 8 9  8 . 5  1 0 . 4  5 . 7 4 9 1 .  9 1  0 . 1 6 7 4 . 2 3 0 . 0 0 0  <? 4 0  8 . 7  0 . 5 7 6 . 5 5 7 . 6  9 . 6 
P2  d' 3 8  9 . 2  0 . 6 2 6 . 7 3 8 . 1  1 0 . 7  4 . 5 4 1 4  0 . 1 8 0 . 6 7 0  2 . 5 9 0 . 0 1 1  <? 3 7  8 . 8  0 . 5 8 6 . 5 9 7 . 3  1 0 . 0  
Ml d' 2 9  1 2 . 4  0 . 5 7 4 . 5 9  1 1 . 4 1 3 . 5  5 . 0 8 1 2  0 . 0 0 0 . 9 4 2  3 . 5 4 0 . 0 0 1  <? 3 2  1 2 . 2  0 . 6 9 5 . 6 5 1 0 . 9  1 3 . 6  
M2 d' 3 2  1 2 . 2  0 . 6 9 5 . 6 5 1 0 . 9 1 3 . 6  5 . 1 7 1 0  0 . 8 3 0 . 3 6 1 3 . 5 2 0 . 0 0 1  <? 3 6  1 1 . 6 0 . 5 9 5 . 0 8 1 0 . 2  1 2 . 9  
M3 d' 2 5  1 1 . 7 0 . 6 8 5 . 8 1 9 .  9 1 3 . 0  6 . 3 6 5 0 . 2 2 0 . 6 3 5  4 . 0 8 0 . 0 0 0  <? 4 3  1 1 . 0 0 . 7 4 6 .  7 2  9 . 2  1 2 . 7  

1 S i gn i f i cant d i f ference i n  va r i ance i n d i c a t e d  by Bart l e t t ' s  x2 , S t udent ' s  t c a l cu l at e d  u s ing s e p a r a t e  v a r i ance e s t ima t e  

...... 
� 



Table 67 Buccolingual crown dimensions of the maxillary and mandibular teeth ill Swanport males and females (mm) 

Coefficient 
of Proba- Student ' •  Proba-

Teeth Sex n jl: • variat ion Min . Max .  D% Rank x2 bility t bility 

Maxi l l a ry den t i ti on 
I 1  0 8 8 . 2  0 . 6 2 7 . 5 6  7 . 3  9 . 2  5 . 1 2 1 2  0 . 6 6 0 . 4 1 5 1 .  2 2  0 . 2 3 9  'f 1 0  7 . 8  0 . 4 6  5 . 8 9 7 . 3  8 . 7  
1 2  0 1 3  7 . 3  0 . 6 1 8 . 3 5 6 . 5  8 . 4  8 . 9 5 4 0 . 2 1  0 . 6 4 6  2 . 8 3 0 . 0 0 8  'f 1 7  6 . 7  0 . 5 4  8 . 0 6 5 . 8  7 . 8  
c 0 1 8  9 . 4  0 . 6 6 7 . 0 2 8 . 0  1 0 . 6 6 . 8 1 9 2 . 3 4 0 . 1 2 6  2 . 7 4 0 . 0 1 0  'f 1 9  8 . 8  0 . 4 7 5 . 3 4 8 . 1  9 . 7  
P l  0 1 7  1 0 . 6  0 . 7 0  6 . 6 0 9 . 5  1 2 . 1  6 . 0 0 1 1  2 . 0 1 0 . 1 5 6  2 . 6 4 0 . 0 1 3  'f 1 6  1 0 . 0  0 . 4 8 4 . 8 0 8 . 7  1 0 . 5  

2 . 5 4
1 P 2  0 2 0  1 0 . 4  0 . 8 9 8 . 5 5 8 . 8  1 2 . 3  6 . 1 2 1 0  7 . 7 6 0 . 0 0 5  0 . 0 1 5  'f 2 2  9 . 8  0 . 4 8 4 . 8 9 8 . 8  1 0 . 8  

Ml 0 2 0  1 2 . 9  0 .  7 1  5 . 5 0 1 1 . 5 1 4 . 2  2 . 3 8 1 5  0 . 4 8 0 . 4 8 8 1 . 2 8 0 . 2 0 8  'f 1 9  1 2 . 6  0 . 5 8 4 . 6 0 1 1 .  9 1 4 . 1  
M2 0 2 3  1 3 . 5  0 . 8 4 6 . 2 2 1 2 . 3  1 6 . 2  7 . 1 4 7 1 . 3 7 0 . 2 4 1  3 . 7 6 0 . 0 0 0  'f 2 3  1 2 . 6  0 . 6 1 4 . 8 4 1 1 .  7 1 4 . 0  
M3 0 2 2  1 2 . 7  0 . 9 0 7 . 0 8 1 0 . 8  1 4 . 9  7 .  6 2  6 0 . 3 6 0 . 5 4 5  3 . 3 8 0 . 0 0 2  'f 1 9  1 1 .  8 0 . 7 6 6 . 4 4 1 0 . 2  1 3 . 0  

Man dibul a r  den t i t i on 
I 1  0 7 6 . 7  0 . 4 8 7 . 1 6 6 . 0  7 . 3  8 . 0 6 5 0 . 2 8 0 . 5 9 5 1 .  8 8  0 . 0 8 4  'f 7 6 . 2  0 . 3 8 6 . 1 2 5 . 9 6 . 9 
1 2  0 1 0  6 . 7  0 . 3 4 5 . 0 7 6 . 3  7 . 2  3 . 5 5 1 3  0 . 0 0 0 . 9 4 9  1 . 1 0 0 . 2 8 5 'f 9 6 . 4  0 . 3 5 5 . 4 1 6 . 1  7 . 2  
c 0 1 1  8 . 8  0 . 6 7 7 . 6 1 7 . 8  1 0 . 0  1 0 . 0 0 2 1 . 1 5 0 . 2 8 2 2 . 6 1 0 . 0 1 6  'f 1 3  8 . 0 0 . 4 8 6 . 0 0 7 . 6  9 . 3  
P l  0 1 3  9 . 7  0 . 4 8 4 . 9 4 8 . 9 1 0 . 3  1 0 . 2 2 1 0 . 0 1 0 . 9 1 8  4 . 0 0 0 . 0 0 1  '? 1 2  8 . 8  0 . 4 6 5 . 2 2 8 . 1  9 . 8  
P 2  0 1 3  9 . 2  0 . 6 7 7 . 2 8 7 . 7  1 0 . 1  6 . 9 7 8 0 . 6 9 0 . 4 0 4 2 . 0 1 0 . 0 5 7  'f 1 1  8 . 6  0 . 5 1 5 . 9 3 7 . 9 9 . 6 
Ml 0 1 2  1 2 . 2  0 . 6 3 5 . 1 6 1 1 . 0 1 3 . 6 1 .  6 6  1 6  0 . 2 4 0 . 6 2 0  1 . 1 4 0 . 2 6 5 'f 1 3  1 2 . 0  0 . 5 5 4 . 5 8 1 1 . 1  1 3 . 2  
M2 0 1 3  1 2 . 0  0 . 9 1 7 . 5 8 1 0 . 5  1 3 . 5  3 . 0 9 1 4  1 .  0 3  0 . 3 0 9  1 . 1 2 0 . 2 6 9 'f 1 6  1 1 . 6 0 . 6 8 5 . 8 4 1 0 . 7 1 3 . 2  
M3 0 1 2  1 2 . 1  0 . 9 4 7 . 7 6 1 0 . 4  1 3 . 9 9 . 8 0 3 0 . 0 1 0 . 9 2 5  2 . 6 8 0 . 0 1 3  'f 1 3  1 1 . 0 0 . 9 2 8 . 3 4 9 . 9 1 2 . 6  

1 S i gn i f i cant d i f fe rence i n  v a r i ance i n d i c a t e d  by Bart l e t t ' s  x2 , S t udent ' s  t c a l cu l ated u s ing separate v a r i ance e s t imate 
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premolar, canine and third molar and the 
maxillary lateral incisor. Overall levels of . 
dimorphism at Swanport are comparable to those 
in the Murray Valley, but less than Coobool 
Creek. Mean dimorphism for the maxillary teeth 
is 6.26% and 6.66% for those from the mandible. 

Discussion 

Comparison of the results obtained with the 
Coobool Creek, Murray Valley and Swanport 
dentitions with those for Yuendumu (Barrett et al. 
1964; Townsend and Brown 1979b) suggest that 
there may be some regional variation in tooth 
size dimorphism. However, a possibly more 
likely explanation of the variation in dimorphism 
scores is that these data are extremely sensitive to 
sampling effects. This issue can be explored 
directly through comparing tooth size data 
obtained in two separate studies of dental casts 
collected as part of the longitudinal growth study 
of Aboriginal people at Yuendumu in central 
Australia. 

In 1964 Barrett et al. reported the buccolingual 
breadth dimensions of 85 male and 81 female 
Aborigines from Yuendumu. Although dental 
casts taken from over 80 males and females were 
used for the analysis, due to the age structure of 
the contributors the sample sizes for all but six of 
the tooth classes (mandibular and maxillary 
premolars and first molars) were less than 42. 
The smallest sample (male mandibular M3) con­
sisted of 29 teeth. Sexual dimorphism figures 
calculated from their mean data are listed in 
Table 64. More recently, using an enlarged series 
of dental casts, 208 males and 184 females, 
Townsend and Brown (1979b:Table 5) list sexual 
dimorphism percentages and tooth class ranks 
for the same population. These data are also 
listed in Table 64. Although there are some 
broad similarities between the two data sets, with 
low levels of dimorphism for the maxillary pre­
molars and a high level of dimorphism for the 
maxillary central incisor, at a detailed level there 
is little agreement. In the initial study the most 
dimorphic tooth is the maxillary third molar 
(9.01 %) followed by the mandibular central 
incisor (6.67%).  With the larger sample the most 
dimorphic tooth class is the maxillary canine, 
followed by the maxillary medial incisor and 
maxillary canine (Table 64). 

Moreover, comparison of the mean bucco­
lingual tooth dimensions in Barrett et al. (1964) 
with those of Townsend and Brown (1979b) 
using Student's t test obtains significant 
differences between the mean values for the 
female maxillary first molar (Yl n = 81, x = 12.21, 
s = 0.57; Y2 n = 183, x = 12.06, s = 0.54; t = 2.17, P 
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= 0.05) and second molar (Yl n = 36, x = 12.42, s = 

0.67; Y2 n = 144, x = 12.21, s = 0.61; t = 2.14, P = 

0.05), male mandibular medial incisor (Yl n = 41, 
x = 6.87, s = 0.57; Y2 n = 206, x = 6.60, s = 0.45; t = 

3.85, P = 0.001 ), lateral incisor (Yl n = 41, x = 8.39, 
s = 0.48; Y2 n = 183, x = 8.23, s = 0.50; t = 2.79, P = 

0.01 ) and canine (Yl n = 41, x = 8.39, s = 0.48; Y2 
n = 183, x = 8.23, s = 0.50; t = 2.50, P = 0.01 ), and 
female mandibular canine (Yl n = 36, x = 8.03, s = 

0.38; Y2 n = 36, x = 7.82, s = 0.42; t = 4.1 1 ,  P = 

0.001), first premolar (Yl n = 81, x = 8.69, s = 0.55; 
Y2 n = 1 77, x = 8.51,  s = 0.53; t = 2.68, P = 0.01 ) 
and second molar (Yl n = 36, x = 11 .29, s = 0.42; 
Y2 n = 159, x = 1 1 .08, s = 0.56; t = 3.62, P = 0.001) .  
The difference between these two sets of data are 
unlikely to be simply the result of intraobserver 
error. One observer was common to both pro­
jects and the measurement techniques were con­
sistent throughout. What these data appear to 
reflect are the high levels of intrapopulation 
variation in tooth size and the need for large 
samples. Sample sizes, which on the whole, are 
unavailable in Australian archaeological and 
palaeoanthropological situations. 

Therefore, comparison of the results for the 
four Australian samples indicates either that 
there is great variation in the expression of sexual 
dimorphism for the buccolingual crown dimen­
sion in Aboriginal populations, or that these are 
simply chance fluctuations due to individual 
sampling events (Tables 64-67). The only pattern 
to the individual tooth rankings is that the 
maxillary Ml and the mandibular M2 consis­
tently display less dimorphism than the other 
teeth. Ranking of the overall mean dimorphism 
values yields some surprising results. As 
expected the most dimorphic teeth are the 
mandibular and maxillary canines but they are 
closely followed by the maxillary third molar and 
mandibular central incisor. Sexual dimorphism 
for the buccolingual crown dimension is greatest 
in the Coobool Creek sample, with the least 
dimorphism at Yuendumu. The other groups are 
intermediate, though slightly closer to 
Yuendumu than Coobool Creek. It should be 
noted that the Coobool Creek series is by far the 
smallest sample in the analysis and these results 
may be an artifact of sampling. 

COOBOOL CREEK BUCCOLINGUAL TOOTH 
DIMENSIONS 

The descriptive statistical data for the Coobool 
Creek, Murray Valley, Swanport and Broadbeach 
series are presented in Tables 65-68, with box 
plots of these data in Figures 66-69 . Tables 64 
and 65 allow comparison of Coobool Creek mean 
buccolingual tooth dimensions with those 
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Table 68 Buccolingual crown dimensions of the maxillary and mandibular teeth in Broadbeach males and females (mm) 

Coefficient 
of Proba- Student ' a P roba-

Taath Sax n :lt • variation Min .  Max .  D% Rank x2 bility t bility 

Maxi l l a ry den t i t i on 
I 1  d' 1 1  8 . 1  0 . 5 1 6 . 2 9  7 . 2  8 . 8  1 7 . 3 9 1 0 . 1 5 0 . 6 9 8 2 . 9 4 0 . 0 1 3  � 2 6 . 9 0 . 3 5 5 . 0 7 6 . 7  7 . 2  
I 2  d' 1 7  7 . 0  0 . 4 7 6 .  7 1  6 . 1  7 . 8  6 . 0 6 1 4  1 .  0 6  0 . 3 0 3  1 . 5 4 0 . 1 3 9  � 4 6 . 6 0 . 2 7 4 . 0 9 6 . 3  6 . 9 
c d' 1 9  9 . 5  0 . 7 3 7 . 6 8 8 . 2  1 1 . 1  1 0 . 4 6  5 0 . 0 0 0 . 9 6 7  1 .  9 5  0 . 0 6 5 � 3 8 . 6  0 . 7 5 8 . 7 2 8 . 1  9 . 5  
P l  d' 1 9  1 0 . 6 0 . 6 4 6 . 0 3 9 . 4  1 1 . 8 1 2 . 7 6 2 0 . 9 8 0 . 3 2 0  2 . 4 8 0 . 0 2 3  � 2 9 . 4  0 . 2 1 2 . 2 3 9 . 3  9 . 6 
P 2  d' 1 6  1 0 . 6 0 . 7 5 7 . 0 7 9 . 5  1 1 .  5 1 1 . 5 7  3 0 . 0 6 0 . 8 0 8  1 .  7 3  0 . 1 0 1  � 2 9 . 5  0 . 9 1 9 . 5 7 8 . 9 1 0 . 2  
Ml d' 2 0  1 2 . 9  0 . 6 0 4 . 6 5 1 1 .  6 1 4 . 1  4 . 8 7 1 5  0 . 0 5 0 . 8 2 0  1 .  9 0  0 . 0 7 0  � 4 1 2 . 3  0 . 6 7 5 . 4 4 1 1 . 8 1 3 . 3  
M2 d' 2 1  1 3 . 5  0 . 7 3 5 . 4 0 1 2 . 1  1 4 . 9  9 . 5 7 6 0 . 1 2 0 .  7 2 9  3 . 0 0 0 . 0 0 6  � 4 1 2 . 3  0 . 8 5 6 . 8 9 1 1 . 2 1 3 . 2  
M3 d' 2 2  1 2 . 9  0 . 9 8 7 . 5 9  1 0 . 9 1 4 . 6  1 1 .  2 0  4 0 . 4 0 0 . 5 2 5  2 . 3 9 0 . 0 2 5  � 4 1 1 . 6 0 .  7 1  6 . 1 2 1 1 . 1  1 2 . 7  

Man dibu l a r  den t i t i on 
I 1  d' 1 7  6 . 6 0 . 4 0 6 . 0 6 5 . 8  7 . 4  6 . 4 5 1 1  0 . 2 0 0 . 6 5 5  1 .  9 9  0 . 0 6 1 � 3 6 . 2  0 . 3 0 4 . 8 3 5 . 9 6 . 5  
I 2  d' 1 8  6 . 8  0 . 4 5 6 . 6 1 6 . 1  7 . 6  6 . 2 5 1 2  1 . 0 8 0 . 3 0 7  1 . 3 9 0 . 1 8 0 � 2 6 . 4  0 . 1 4 2 . 1 8 6 . 3  6 . 5  
c d' 2 2  8 . 7  0 . 5 0 5 . 7 4 7 . 5  9 . 5  6 . 0 9 1 3  0 . 0 1 0 . 9 3 1  1 .  6 0  0 . 1 2 2  � 3 8 . 2  0 . 5 2 6 . 3 4 7 . 6  8 . 6 
P l  d' 2 2  9 . 2  0 . 5 1 5 . 5 4 8 . 2  1 0 . 2  9 . 5 2 7 1 . 1 7 0 . 2 7 9  2 . 8 8 0 . 0 0 8  � 4 8 . 4  0 . 8 0 9 . 5 2 7 . 3  9 . 1  
P 2  d' 1 8  9 . 4  0 . 6 6 7 . 0 2 8 . 2  1 0 . 4 8 . 0 4 1 0  0 . 0 9 0 . 7 5 6  1 .  8 5  0 . 0 7 8  � 4 8 . 7  0 . 7 5 8 . 6 2 7 . 8  9 . 5  
Ml d' 1 8  1 2 . 0  0 . 5 4 4 . 5 0  1 0 . 9 1 3 . 0  4 . 3 4 1 6  0 . 0 0 0 . 9 6 3 1 .  8 3  0 . 0 8 2  � 4 1 1 . 5 0 . 5 5 4 . 7 8 1 1 . 1  1 2 . 3  
M2 d' 2 2  1 1 .  8 0 . 6 8 5 . 7 6 1 0 . 5  1 3 . 5  8 . 2 5 9 0 . 0 1 0 . 9 1 3  2 . 6 4 0 . 0 1 4  � 4 1 0 . 9  0 . 6 4 5 . 8 7 1 0 . 1 1 1 .  6 
M3 d' 2 4  1 1 . 5 0 . 6 2 5 . 3 9 1 0 . 1  1 2 . 4  9 . 5 2 7 4 . 5 4 0 . 0 3 3  2 . 6 8

1 
0 . 0 1 3  � 3 1 0 . 5  0 . 1 0 0 . 9 5 1 0 . 4 1 0 . 6 

1 S i gn i f i cant d i f fe rence i n  va r i ance i n d i cated by B a r t l e t t ' s  x2 , S t udent ' s  t c a l cu l a t e d  u s ing sepa r a t e  va r i ance e s t imate 



Table 69 Buccolingual tooth dimensions of Aboriginal skeletons from Kow Swamp, Barham and Roonka (mm) 

Kow Swamp Barham Roonka l 
Teeth Sex n x a Min . Max . n x a Min . Max . n x a Min . Max . 

Maxi l l a ry den t i t i on 
I l  d' 2 8 . 2 5 0 . 0 7 8 . 2  8 . 3  2 8 . 4 5 0 . 0 7 8 . 4 8 . 5  4 8 . 1  0 . 5 0 7 . 6  8 . 7  � 2 8 . 0 5 0 . 6 3 7 . 6  8 . 5  1 7 . 7 0 - 7 . 7  7 . 7  
I 2  d' 2 7 . 8 0 0 . 2 8 7 . 6  8 . 0  3 7 . 0 0 0 . 7 0 6 . 4  7 . 8  8 7 . 1  0 . 4 4 6 .  4 7 . 9  � 3 7 . 3 0 0 . 5 1 6 . 9 7 . 9  0 
c d' 2 9 . 3 5 0 . 0 7 9 . 3  9 . 4  3 9 . 2 0 0 . 5 8 8 . 8  9 .  9 8 9 . 2  0 . 2 6 8 . 8  9 . 6  � 3 8 . 7 0 0 . 6 1 8 . 2  9 . 4  1 9 . 6 0 - 9 . 6  9 .  6 
P l  d' 2 1 0 . 6 0 0 . 0 0 1 0 . 6 1 0 . 6  2 1 1 . 1 0 0 . 0 0 1 1 .  l 1 1 . 1  8 1 0 . 6 0 . 3 7 9 . 9 1 1 . 1  � 3 1 0 . 3 0 0 . 2 6 1 0 . 0  1 0 . 5  1 1 1 . 1 0 - 1 1 . 1  1 1 . 1  
P 2  d' 2 1 0 . 1 5 0 . 4 9 9 . 8  1 0 . 5  3 1 0 . 9 0  0 . 5 6 1 0 . 5  1 1 .  6 8 1 0 . 8  0 . 5 1 1 0 . 2  1 1 . 6 � 3 1 0 . 4 0  0 . 4 6  1 0 . 1  1 0 . 9 1 1 1 . 2 0  - 1 1 . 2 1 1 .  2 
Ml d' 1 1 3 . 2 0 - 1 3 . 2  1 3 . 2  2 1 3 . 7 0  0 . 4 2 1 3 . 4  1 4 . 0  6 1 3 . 0  0 . 6 1 1 2 . 4  1 4 . 1  � 3 1 2 . 8 0 0 . 7 5 1 2 . 3  1 3 . 7  2 1 2 . 9 0 0 . 5 6 1 2 . 5  1 3 . 3  
M2 d' - - - - - 4 1 3 . 6 0  0 . 6 4 1 3 . 0  1 4 . 4  8 1 3 . 5  0 . 7 0 1 2 . 7  1 4 . 9  � 2 1 3 . 5 5 0 . 2 1  1 3 . 4  1 3 . 7  2 1 3 . 3 0 1 . 1 3 1 2 . 5  1 4 . 1  
M3 d' 2 1 3 . 1 5  0 . 2 1 1 3 . 0  1 3 . 3  3 1 3 . 6 0  0 . 9 6 1 2 . 6  1 4 . 5  6 1 2 . 7  0 . 9 9 1 1 . 2 1 4 . 2  � - - - - - 2 1 2 . 7 5 0 . 9 1 1 2 . 1  1 3 . 4  

Man di bu l a r  den t i t i on 
I l  d' - - - - - 2 8 . 4 5 0 . 0 7 8 . 4 8 . 5  4 6 . 5  0 . 1 4 6 . 3  6 . 6 � 2 6 . 2 5 0 . 3 5 6 . 0  6 . 5  1 7 . 7 0 - 7 . 7  7 . 7  
I 2  d' - - - - - 2 6 . 9 5 0 . 6 3 6 . 5  7 .  4 4 6 . 8  0 . 1 0 6 . 7  6 . 9 � 2 6 . 5 0 0 . 2 8 6 . 3  6 . 7  
c d' 2 8 . 7 5 0 . 2 1 8 . 6 8 . 9 2 8 . 6 0 0 . 7 0 8 . 1  9 . 1  8 8 . 4  0 . 4 0 7 . 8  8 . 9 � 1 7 . 7 0 - 7 .  7 7 . 7  2 8 . 3 5 0 . 7 7 7 . 8  8 . 9 
P l  d' 2 9 . 3 0 0 . 5 6 8 . 9 9 . 7  2 9 . 0 5 0 . 4 9 8 . 7  9 . 4  8 8 . 9 0 . 3 2 8 . 5  9 .  4 � 1 8 . 6 0 - 8 . 6 8 . 6 2 8 . 7 5 0 . 9 1 8 . 1  9 . 4  
P 2  d' 2 9 . 1 5 0 . 3 5 8 . 9 9 .  4 2 1 0 . 0 5 0 . 2 1 9 . 9 1 0 . 2  8 9 . 1  0 . 6 2 8 . 1  9 .  9 � 1 9 . 1 0 - 9 . 1  9 . 1  2 9 . 1 5 0 . 3 5 8 . 9  9 .  4 
Ml d' - - - - - 2 1 2 . 3 5 0 . 3 5 1 2 . 1  1 2 . 6  5 1 2 . 2  0 . 5 5 1 1 .  6 1 3 . 0  � 2 1 2 . 0 0 0 . 7 0 1 1 . 5 1 2 . 5  1 1 2 . 9 0  - 1 2 . 9  1 2 . 9  
M2 d' - - - - - 2 1 2 . 5 5 0 . 4 9 1 2 . 2  1 2 . 9  7 1 1 . 7 0 . 6 9 1 1 . 1  1 3 . 3  � 1 1 1 .  4 0  - 1 1 . 4 - 1 1 2 . 7 0  - 1 2 . 7  1 2 . 7  
M3 d' 2 1 1 . 9 0  0 . 4 2 1 1 . 6 1 2 . 2  2 1 1 .  4 5  0 . 4 9  1 1 . 1  1 2 . 9  7 1 1 . 2 0 . 7 3 9 .  6 1 1 . 8 � 1 1 1 .  5 0  - 1 1 . 5 1 1 .  5 1 1 1 . 9 0  - 1 1 .  9 1 1 . 9 

1 R o o n k a  dat a f o r  t h e  e i ght ma l e  ske l e t o n s  wh i ch on the b a s i s  o f  P re t t y  ( 1 9 7 7 )  
c a n  b e  a s s igned t o  P h a s e  I I  o f  the s i t e ,  4 0 0 0 - 7 0 0 0  ye a r s  BP 
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Table 70 Comparisons of mean buccolingual tooth dimensions from Coobool Creek with those from the Murrray Valley, 
Swanport and Broadbeach using Student's t test (Broadbeach female sample too small for meaningful comparison) 

Male Female 
Coobool Creek - Coobool Creek - Coobool Creek - Coobool Creek- Coobool Creak -

Teeth Murray Valley Swan port Broadbeach Murray Valley Swan port 

Maxi l l a ry den t i t i on 
0 . 7 7 1 1 0 . 6 1 1 1 I 1  t 0 . 7 8 9  1 . 3 6 8  1 . 1 5 0  

p 0 . 4 3 4  0 . 4 5 2  0 . 1 8 7 0 . 2 5 5 0 . 5 5 1  
! 2  t 5 . 8 2 9  1 .  9 1 9  4 . 2 2 6  4 . 1 2 0  3 . 0 3 0  

p 0 . 0 0 0  0 . 0 6 7 0 . 0 0 0  0 . 0 0 0  0 . 0 0 6  
c t 0 . 4 1 7  1 .  5 4 3  0 . 8 1 2  1 .  O O O  0 . 8 2 9  

p 0 . 6 7 8  0 . 1 3 3 0 . 4 2 3  0 . 3 1 9  0 . 4 1 5 
P l  t 1 . 9 3 1  1 . 7 5 2 1 1 .  8 2 8  0 . 1 0 6  0 . 1 9 2 

p 0 . 0 5 9  o .  0 9 2 0 . 0 7 8  0 . 9 1 6  0 . 8 5 0  
P 2  t 1 . 2 3 8  1 . 1 0 5 1 1 . 1 3 5  0 . 5 3 0  1 . 1 9 0 

p 0 . 2 2 1  0 . 0 9 8  0 . 2 6 6  0 . 5 9 8  0 . 2 4 2  
Ml t 2 . 1 2 5  3 . 3 1 0  3 . 4 5 9  0 . 6 1 3  0 . 6 6 5 

p 0 . 0 3 8  0 . 0 0 2 0 . 0 0 2  0 . 5 4 3  0 . 5 1 3  
M2 t 0 . 5 6 3 1 . 6 0 6  1 .  5 4 7  0 . 7 3 7 2 0 . 6 7 9  

p 0 . 5 7 5  0 . 1 1 7  0 . 1 3 1  0 .  4 6 4  0 . 5 0 3  
M3 t 0 . 3 7 8  1 .  4 1 4  0 . 8 1 5  0 . 0 9 0  0 . 9 3 2  

p 0 . 7 0 7  0 . 1 6 6  0 . 4 2 1  0 . 9 2 8  0 . 3 6 1  

Man dibul a r  den t i t i on 
I 1  t 1 . 6 2 0  0 . 9 9 1  1 . 4 9 5 0 . 5 7 6 2 0 . 0 0 0  

p 0 . 1 1 5  0 . 3 5 1  0 . 1 5 2  0 . 5 7 0  1 .  O O O  
! 2  t 1 . 3 0 0  1 .  7 8 9  1 .  O O O  0 . 1 2 9  0 . 2 3 6  

p 0 . 2 0 0  0 . 0 9 0  0 . 3 2 6  0 . 8 9 8  0 . 8 1 8  
c t 1 . 6 5 0  1 .  4 9 5 2 . 6 3 3  1 .  8 5 7  0 . 4 5 0  

p 0 . 1 0 5  0 . 1 4 8  0 . 0 1 3  0 . 0 7 0  0 . 6 5 7  
P l  t 3 . 3 2 0  0 . 0 7 3  2 . 1 6 7 0 . 6 4 5  0 . 4 5 2 

p 0 . 0 0 2  0 . 9 4 2  0 . 0 3 7  0 . 5 2 2  0 . 6 5 2  
P 2  t 4 . 1 7 0  3 . 3 3 5  2 . 3 8 1  0 . 9 8 8  1 . 6 0 6  

p 0 . 0 0 0  0 . 0 0 2  0 . 0 2 3  0 . 3 2 9  0 . 1 2 6  
Ml t 2 . 2 6 0 2 . 5 9 4  4 . 0 3 1  1 .  0 9 6 2 1 .  4 3 0  

p 0 . 0 3 0  0 . 0 1 8  0 . 0 0 0  0 . 2 8 1 0 . 1 7 3 
M2 t 1 .  2 9 0 1 . 2 4 5  2 . 5 7 5  0 . 1 1 0  0 . 5 3 5  

p 0 . 2 0 2 0 . 2 2 6  0 . 0 1 5  0 . 9 1 3  0 . 5 9 8  
M3 t 1 .  0 9 0  0 . 6 6 5 2 . 1 3 0  0 . 7 3 7  0 . 2 3 6  

p 0 . 2 7 8  0 . 5 1 2  0 . 0 4 0  0 . 4 6 5 0 . 8 1 6  

t = S t udent ' s  t 
P = P robab i l i t y  
1 S i gn i f i c ant d i f fe re n c e  i n  v a r i a n c e  i n d i c a t e d  b y  B a r t l e t t ' s  X2 , 

S t ude n t ' s  t t e s t  c a l cu l a t e d  u s i n g  s e p a r a t e  va r i a n c e  e s t imate 
2 Me a n  value gre a t e r  t h a n  C o o bo o l  Creek me an 
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Table 71 Comparison of the buccolingual crown dimensions of permanent teeJ:h from Coobool Creek with those recorded for other 
Abonginal populations (mm) 

Coobool Kow Murray We stern 
Teeth Creek Swanq:> Barham Roonka l Val ley Swanport Broad.beach Yuendumu2 Auatral ia3 

Ma l e  ma xi l l a ry den t i t i on 
I 1  n 1 0  2 2 4 3 2  8 1 1  4 1  1 8  

x 8 . 3  8 . 2  8 . 4  8 . 1  8 . 2  8 . 2  8 . 1  7 .  9 5 7 .  9 5 
s 0 . 2 6 0 . 0 7 0 . 0 7 0 . 5 0 0 . 4 4 0 . 6 2 0 . 5 1 0 . 3 6 0 . 5 3 

I 2  n 1 2  2 3 8 4 4  1 3  1 7  4 1  3 0  
x 7 . 7  7 . 8  7 . 0  7 . 1 4 7 . 1 s 7 . 3  7 .  a s 7 . 0  7 . 0  
s 0 . 4 2 0 . 2 8 0 . 7 0 0 . 4 4 0 . 3 7 0 . 6 1 0 . 4 7 0 . 5 1 0 . 4 4 

c n 1 5  2 3 8 4 2  1 8  1 9  4 1  3 9  
x 9 . 7  9 . 3  9 . 2  9 . 2 4 9 . 6 9 . 4  9 . 5  9 . 1 4 9 . 1 4 
s 0 . 5 0 0 . 0 7 0 . 5 8 0 . 2 6 0 . 6 5 0 . 6 6 0 . 7 3 0 . 5 6 0 . 5 6 P l  n 1 1  2 2 8 4 0  1 7  1 9  8 5  4 2  
x 1 1 . 0  1 0 . 6  1 1 . 1  1 0 . 6 1 0 . 6 1 0 . 6  1 0 . 6 1 0 . 4 5 1 0 . 3 4 
s 0 . 3 8 0 . 0 0 0 . 0 0 0 . 3 7 0 . 5 7 0 . 7 0 0 . 6 4 0 . 6 1 0 . 4 9 P 2 n 1 4  2 3 8 4 4  2 0  1 6  8 5  4 4  
x 1 0 . 8  1 0 . 1  1 0 . 9 1 0 . 8 1 0 . 6  1 0 . 4  1 0 . 6  1 0 .  3 5 1 0 . 3 5 
s 0 . 4 6  0 . 4 9 0 . 5 6 0 . 5 1 0 . 6 1 0 . 8 9 0 . 7 5 0 . 5 6 0 . 5 5 

Ml n 1 5  1 2 6 3 9  2 0  2 0  8 5  4 8  
x 1 3 . 6  1 3 . 2  1 3 . 7  1 3 . 0 4 1 3 . 2 4 1 2 . 9 5 1 2 . 9 5 1 2 . 6 5 1 2 . 8 5 
s 0 . 4 4 - 0 . 4 2 0 . 6 1 0 . 6 5 0 .  7 1  0 . 6 0 0 . 5 4 0 . 6 3 

M2 n 1 4  - 4 8 4 4  2 3  2 1  4 1  4 8  
x 1 3 . 9  - 1 3 . 6  1 3 . 5  1 3 . 8 1 3 . 5  1 3 . 5  1 2 . 85 1 2 . 9 5 
s 0 . 7 9 - 0 . 6 4 0 . 7 0 0 . 7 7 0 . 8 4 0 . 7 3 0 . 7 3 0 .  7 1  

M3 n 1 7  2 3 6 4 2  2 2  2 2  3 2  4 7  
x 1 3 . 1  1 3 . 1  1 3 . 6  1 2 . 7  1 3 . 0  1 2 . 7  1 2 . 9  1 2 . 1 5 1 2 . 2 4 
s 0 . 8 6 0 . 2 1 0 . 9 6 0 . 9 9 0 . 8 6 0 . 9 0 0 . 9 8 0 . 82 0 . 8 2 

Fema l e ma xi l l a ry den t i t i on 
I l n 6 2 1 5 3 4  1 0  2 3 6  1 3  

x 8 . 0  8 . 0  7 .  7 7 . 6  7 . 8  7 . 8  6 . 9 7 . 5  7 . 4  
s 0 . 4 9  0 . 6 3 - - 0 . 3 8 0 . 4 6 0 . 3 5 0 . 3 6 0 . 4 4 

I 2  n 7 3 - 6 4 1  1 7  4 3 6  1 9  
x 7 .  4 7 . 3  - 6 . 8  6 . 7 5 6 . 7 5 6 . 6 4 6 . 7 5 6 . 7 5 
s 0 . 4 2 0 . 5 1 - - 0 . 3 9 0 . 5 4 0 . 2 7 0 . 4 9 0 . 5 0 

c n 7 3 1 5 4 3  1 9  3 3 6  2 4  
x 9 . 0  8 . 7  9 .  6 8 . 7  8 . 8  8 . 8  8 . 6 8 . 7  8 . 4 4 
s 0 . 4 6 0 . 6 1 - - 0 . 5 2 0 . 4 7 0 . 7 5 0 . 3 8 0 . 4 5 

P l  n 6 3 1 6 4 2  1 6  2 8 1  2 2  
x 1 0 . 0  1 0 . 3  1 1 . 1  1 0 . 1  1 0 . 0  1 0 . 0  9 . 4  1 0 . 1 9 . 8 4 
s 0 . 5 3 0 . 2 6 - - 0 . 5 6 0 . 4 8 0 . 2 1 0 . 5 6 0 . 6 6 

P 2  n 8 3 1 6 4 9  2 2  2 8 1  2 3  
x 1 0 . 0  1 0 . 4 1 1 . 2 9 .  7 9 . 9 9 .  8 9 . 5  1 0 . 0  9 . 7  
s 0 . 7 3 0 . 4 6 - - 0 . 5 3 ...... 

0 . 4 8 0 . 9 1 0 . 6 0 0 . 6 8 01 ...... 
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Table 71 (continued) 

Coobool Kow Murray We stern 
Teeth Creek Swarrp Barham Roonka l Val ley Swan port Broadbeach Yuendumu2 Australia 3 

Ml n 6 3 2 7 4 6  1 9  4 a l  2 5  

x 1 2 . a  1 2 . a  1 2 . 9  1 2 . 3  1 2 . 6  1 2 . 6  1 2 . 3  1 2 . 2 4 1 2 . 1 5 

s 0 . 7 0 0 . 7 5 0 . 5 6 - 0 . 5 2 0 . 5 a 0 . 6 7 0 . 5 7 0 . 5 2 
M2 n a 2 2 7 5 0  2 3  4 3 6  2 6  

x 1 2 . 9  1 3 . 5  1 3 . 3  1 2 . 4  1 3 . 0  1 2 . 6  1 2 . 3 4 1 2 . 4 4 1 2 . 2 4 

s 0 . 7 5 0 . 2 1 1 . 1 3 - 0 . 6 5 0 . 6 1 o . a 5 0 . 6 7 0 . 6 0 
M3 n 7 - 2 3 5 0  1 9  4 3 0  1 7  

x 1 2 . 2  - 1 2 . 7  9 . 4  1 2 . 2  1 1 . a 1 1 .  6 4 1 1 . 9 1 1 .  6 4 

s 1 .  2 6  - 0 . 9 1 - o . a o 0 . 7 6 0 .  7 1  o . a 3 0 . 6 2 

Ma l e  man dibul a r  den t i t i on 
I 1  n 3 - 2 4 3 1  7 1 7  4 1  1 2  

x 7 . 0  - a . 4  6 . 5  6 . 6 6 . 7  6 . 6 6 . 9 6 . 7  
s 0 . 1 1 - 0 . 0 7 0 . 1 4 0 . 4 0 0 . 4 a 0 . 4 0 0 . 5 7 0 . 6 0 

I 2  n 1 0  - 2 4 3 4  1 0  1 a  4 1  1 9  
x 7 . 0  - 6 . 9 6 . a  6 . a  6 . 7  6 . a  7 . 0  6 . 7  
s 0 . 4 5 - 0 . 6 3 0 . 1 0 0 . 4 4 0 . 3 4  0 . 4 5 0 . 5 3 0 . 4 a 

c n 1 5  2 2 a 4 1  1 1  2 2  4 1  2 4  
x 9 . 1  a . 7  a . 6 a . 4 4 a . a a . a  a . 7 4 a . 4 5 a . 7 4 

s 0 . 4 9 0 . 2 1 0 . 7 0 0 . 4 0 0 . 6 0 0 . 6 7 0 . 5 0 0 . 4 a 0 . 4 7 
P l  n 1 6  2 2 a 3 9  1 3  2 2  a 5  2 4  

x 9 . 7  9 . 3  9 . 0  a .  9 5 9 . 2 5 9 . 7  9 . 2 4 a . a s a .  9 5 

s 0 . 5 5 0 . 5 6 0 . 4 9 0 . 3 2 0 . 4 5 0 . 4 a 0 . 5 1 0 . 5 9 0 . 6 5 
P 2  n 1 6  2 2 a 3 a  1 3  1 a  a 5  2 5  

x 9 . 9  9 . 1  1 0 . 0  9 . 1 5 9 . 2 5 9 . 2 5 9 . 4 4 9 . 2 5 9 . o s 

s 0 . 5 3 0 . 3 5 0 . 2 1 0 . 6 2 0 . 6 2 0 . 6 7 0 . 6 6 0 . 6 0 0 . 5 4 
Ml n a - 2 5 2 9  1 2  1 a  a 3  2 7  

x 1 2 . 9  - 1 2 . 3  1 2 . 2 4 1 2 . 4 4 1 2 . 2 4 1 2 . 0 5 1 1 .  9 5 1 2 . 0 5 

s 0 . 3 a - 0 . 3 5 0 . 5 5 0 . 5 7 0 . 6 3 0 . 5 4 0 . 6 1 0 . 6 9  
M2 n 1 1  - 2 7 3 2  1 3  2 2  4 1  2 9  

x 1 2 . 4  - 1 2 . 5  1 1 . 7 4 1 2 . 2  1 2 . 0  1 1 . a 4 1 1 . 6 5 1 1 .  7 5 

s 0 . 4 7 - 0 . 4 9 0 . 6 9 0 . 6 9 0 . 9 1 0 . 6 a 0 . 6 6 0 . 7 7 
M3 n 1 7  2 2 7 2 5  1 2  2 4  2 9  3 0  

x 1 1 . 9 1 1 . 9 1 1 .  4 1 1 . 2 4 1 1 . 7 1 2 . 1  1 1 .  5 4 1 1 . 4 1 1 . 4 
s 0 .  7 2  0 . 4 2 0 . 4 9 0 . 7 3 0 . 7 4 0 . 9 2 0 . 1 0 0 . 7 1 o .  7 2  



Table 71 (continued) 

Coobool Kow Murray 
Teeth Creek Swamp Barham Roonka l Val ley Swanport Broadbeach 

Fema l e  man dibul a r  den t i t i on 
I l  n 5 2 1 5 2 2  7 3 

x 6 . 3  6 . 2  7 . 7  6 . 2  6 . 4  6 . 2  6 . 2  
s 0 . 7 0 0 . 3 5 - - 0 . 3 4 0 . 3 8 0 . 3 0 

I 2  n 5 2 - 5 3 3  9 2 
x 6 . 6  6 . 5  - 6 . 4  6 .  6 6 .  4 6 .  4 
s 0 . 5 4 0 . 2 8 - - 0 . 5 3 0 . 3 5 0 . 1 4 

c n 9 1 2 4 4 1  1 3  3 
x 8 . 3  7 .  7 8 . 3 7 . 8  8 . 0 8 . 0  8 . 2 
s 0 . 4 7 - 0 . 7 7 - 0 . 4 1 0 . 4 8 0 . 5 2 

P l  n 9 1 2 5 4 0  1 2  4 
x 8 . 8  8 . 6 8 . 7  8 . 6 8 . 7  8 . 8  8 . 4  
s 0 . 5 5 - 0 .  9 1  - 0 . 5 7 0 . 4 6 0 . 8 0 

P 2  n 9 1 2 6 3 7  1 1  4 
x 9 . 0  9 . 1  9 . 1  8 . 8  8 . 8 8 . 6  8 . 7  
s 0 . 4 1 - 0 . 3 5 - 0 . 5 8 0 . 5 1 0 . 7 5 

Ml n 4 2 1 7 3 2  1 3  4 
x 1 1 . 5  1 2 . 0  1 2 . 9  1 1 . 6 1 2 . 2  1 2 . 0  1 1 .  5 
s 0 . 4 6 0 . 7 0 - - 0 . 6 9 0 . 5 5 0 . 5 5 

M2 n 8 1 1 5 3 6  1 6  4 
x 1 1 . 6 1 1 .  4 1 2 . 7  1 1 . 5 1 1 . 6 1 1 . 6 1 0 . 9 
s 0 . 5 5 - - - 0 . 5 9 0 . 6 8 0 . 6 4 

M3 n 9 1 1 3 4 3  1 3  3 
x 1 1 . 2  1 1 .  5 1 1 . 9 1 1 .  3 1 1 . 0 1 1 . 0 1 0 . 5  
s 0 . 6 4 - - - 0 . 7 4 0 . 9 2 0 . 9 5 

1 F ema l e  dat a f o r  Roonka I I I a  ( Sm i t h  et a l . 1 9 8 8 )  
2 Yuendumu dat a ( Ba r r e t t  e t  a l . 1 9 6 4 )  
3 We s t e r n  Au s t r a l i a  dat a ( F re e dman and Lo fgren 1 9 8 1 )  
4 Me an value exceeded b y  C o ob o o l C re e k  me an ( P  = . 0 5 - . 0 1 )  
5 Me an va lue exceeded by C o ob o o l  C reek me an ( P  = . 0 0 9 - . 0 0 1 )  

Yuendumu2 

3 6  
6 . 4  
0 . 3 2 

3 6  
6 . 6  
0 . 4 0 

3 6  
8 . 0 
0 . 3 8 

8 1  
8 . 7  
0 . 5 5 

8 1  
8 . 9 
0 . 5 1 

8 0  
1 1 . 4 

0 . 5 1 
3 6  
1 1 . 3 

0 . 4 2 
3 0  
1 1 . 2 

0 . 5 7 

We stern 
Australia 3 

1 3  
5 . 9 
0 . 2 7 

1 6  
6 . 3  
0 . 4 5 

1 6  
7 .  8 4 

0 . 4 2 

1 9  
8 . 5  
0 . 5 0 

1 6  
8 . 8  
0 . 5 2 

1 5  
1 1 .  4 

0 . 7 3 
1 5  
1 1 .  2 

0 . 6 9 
1 7  
1 1 . 0 

0 . 9 3 

...... 
Ul w 



154 

KS cc BA MV SW BB 
1 0  

9 

� � �  
11 

E3 $ � 
8 

* 

* 

� � � �  
8 E3 

12 

7 

* 
1 1  

9 0 $ � � 1 0  

c 
9 

8 

1 2  

� 9 9  - � -pl 1 1  

1 0  

9 
KS CC BA MV SW BB 

13 

12 

p 
2 1 1  

1 0  

9 

14 

Mi 13  

12  

16  

M2 15 

14 

13 

16 

M 3 
14 

1 2  

1 0  

KS cc BA MV SW BB 

* 

E3 
6 � � 8 

* 

� 8 9 
* 

E3 � 8 $ 
� 

KS 

* 

$ E? $ $ 9 * * 

cc BA MV SW BB 

Figure 66 Box plots of buccolingual crown dimensions (mm) in male maxillary teeth from Kow Swamp, 
Coobool Creek, Barham, the Murray Valley, Swanport and Broadbeach 

obtained for other sexed Australian series. 
Descriptive statistical data for the terminal 
Pleistocene and mid-Holocene series from Kow 
Swamp, Barham and Roonka are listed in Table 
69. 

Maxillary medial incisor 

The Coobool Creek medial incisors are large 
with a prominent cingulum on the lingual 
surface. The roots are long, robust and conical, in 
some specimens reaching to within a few 
millimetres of the nasal aperture. The degree of 
shovelling on the lingual surface of the central 
and lateral incisors can be assessed in six of the 
Coobool Creek maxillae (CC1, 12, 16, 28, 40 and 
45) . There is moderate development of the 
lingual fossa, with slight marginal ridges in CCL 
In this specimen the shovelling is more marked 
on the remaining lateral incisor, which has a 
distinct lingual tubercle. Shovelling in the 

remaining individuals varies from a trace (CC28, 
40 and 45) to absent (CC12 and 45). In each 
instance the fossae are more developed on the 
lateral incisors. 

The Coobool Creek male mean buccolingual 
dimension (n = 10, x = 8.3) is exceeded by the 
small sample from Barham (n = 2, x = 8.45), but is 
greater than those in the other comparative 
samples, although not significantly so (Tables 70-
71). A similar result was obtained in the Coobool 
Creek females where their mean buccolingual 
dimension (n = 6, x = 8.0) is only exceeded by the 
Kow Swamp females (n = 2, x = 8.05). Maximum 
medial incisor breadth in the Coobool Creek 
males (8.7 mm) is exceeded by the maximum 
figures for the Swanport, Murray Valley and 
Broadbeach series (8.8-9.2 mm) (Tables 65-68). 
The Coobool Creek female maximum (8.8 mm) 
exceeds the maxima for the comparative popula­
tions (Tables 65-68). 
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Figure 67 Box plots of buccolingual crown dimensions (mm) in female maxillary teeth from Kow Swamp, 
Coobool Creek, Barham, the Murray Valley, Swanport and Broadbeach 

Maxillary lateral incisor 

The Coobool Creek lateral incisors are dis­
tinctive. In both size and morphology they are 
more similar to the Coobool Creek medial 
incisors than are the lateral incisors in the recent 
comparative samples which I examined. They 
are large, well formed teeth with a prominent 
cingulum on the lingual surface and a broad 
cervical margin. The roots are long and 
thickened. Similarly the few preserved lateral 
incisors from Kow Swamp are also large and 
robust teeth. The right lateral incisor in CC37 
was probably congenitally absent. 

With the exception of the Coobool Creek and 
Swanport male comparison (t = 1 .919, P = 0.067), 
the mean buccolingual crown dimensions for the 
Coobool Creek male and female lateral incisors 
are significantly greater than those in the com­
parative male and female series (P = .05-.001 ) 
(Tables 65-70). Maximum lateral incisor breadth 

in this analysis has been obtained by the Coobool 
Creek males (8.5 mm) and females (7.9 mm). Box 
plots of these data (Figs 67-68) highlight the large 
size of the Coobool Creek lateral incisors, with 
the central 50% of the male and female distribu­
tions being above the corresponding part of the 
distributions in all but one (Swanport males) of 
the comparative recent and mid-Holocene pop­
ulations. 

Maxillary canine 

In the Coobool Creek dentitions these teeth 
are distinguished by their great breadth at the 
cervical margin, with a prominent cingulum and 
long, column-like roots. Occlusal attrition has 
removed the cusps from most of the Coobool 
Creek canines, exposing large areas of dentine, 
though in most instances tooth wear has not pro­
ceeded past the cemento-enamel junction. 

Mean canine breadth in the Coobool Creek 
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Figure 68 Box plots of buccolingual crown dimensions (mm) in male mandibular teeth from Kow Swamp, 
Coobool Creek, Barham, the Murray Valley, Swanport and Broadbeach 

males is greater than that in the comparative 
samples but this is significant only when com­
pared with the Yuendumu and Western 
Australian males (P = .05-.01} (Tables 65-71 ) .  
Similarly, the Coobool Creek female mean is 
greater than that for the other female samples. 
This is significant only when compared with the 
Western Australian females (P = .05-.01) (Tables 
65-71 ). 

Maximum canine breadth in the Coobool 
Creek males (10.6 mm) is exceeded by the 
maxima in the Murray Valley (1 1 .2 mm) and 
Broadbeach ( 1 1 . 1  mm) males. The Coobool 
Creek female maximum (9.8 mm) is exceeded by 
the Murray Valley female maximum (10.0 mm). 

Maxillary premolars 

In Aboriginal dentitions the crowns of the two 
maxillary premolars are generally of similar size 

and morphology, with the first premolars slightly 
larger than the second and often with a slightly 
larger buccal cusp. The Coobool Creek pre­
molars are similar in size and morphology. 
Occlusal attrition has removed the cusps in most 
specimens, exposing varying amounts of dentine. 
The left maxillary P2 in CC45 is rotated and dis­
placed lingually. 

Mean premolar breadths in the Coobool Creek 
males are greater than that in the comparative 
male samples, with a significant result for Pl and 
P2 in comparisons with the Yuendumu and 
Western Australian samples (P = .05-.01)  (Tables 
65-71 ) .  The Coobool Creek female premolars are 
larger than the other female samples but not sig­
nificantly so. 

Maximum premolar breadth in the Coobool 
Creek males (Pl 1 1 .8 mm, P2 1 1 .7 mm) is 
exceeded by the maxima in the Swanport (Pl 12.1 
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Figure 69 Box plots of buccolingual crown dimensions (mm) in female mandibular teeth from Kow Swamp, 
Coobool Creek, Barham, the Murray Valley, Swanport and Broadbeach 

mm, P2 12.3 mm) and Murray Valley (Pl 12.0 
mm, P2 12.4 mm) males. The maximum pre­
molar dimensions in the Coobool Creek females 
(Pl 10.7 mm, P2 1 1 .3 mm) are exceeded by the 
maxima in the Murray Valley series (Pl 1 1 .3 mm, 
P2 1 1 .4 mm). Premolar breadth dimensions in 
the Kow Swamp males and females are towards 
the bottom of the Coobool Creek range (Tables 
65, 69). 

Maxillary first molar 

In the Coobool Creek series the large mean 
breadths of the maxillary first molars make these 
teeth distinct (Figs 66-67). The mean bucco­
lingual dimension of these teeth in the Coobool 
Creek males is significantly greater than that in 
the comparative recent male samples (P = .038-
.002) (Tables 65-70). The Coobool Creek female 

mean, while larger than that in the comparative 
female samples, is significant only in comparison 
with the Yuendumu and Western Australian 
series (P = .05-.01 ) (Tables 65-71 ) .  There is less 
variation in the breadth of the first maxillary 
molar in the Coobool Creek males than in the 
recent male samples. 

Maximum first molar breadth in the Coobool 
Creek males (14.2 mm) is exceeded by the 
Murray Valley males (14.7 mm). The Coobool 
Creek female maximum (13.9 mm) is less than 
the Swanport female maximum (14.1 mm). 

Maxillary second molar 

For the buccolingual dimension in Aboriginal 
dentitions, the second molar is typically the 
largest tooth in the molar series (Campbell 
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1925:12) .  A similar result was obtained with the 
Coobool Creek and recent comparative samples 
in this analysis, although to a lesser degree in the 
female groups than in males (Tables 65-68, Figs 
66-67). 

The mean breadth of these teeth in the 
Coobool Creek males is greater than that in the 
comparative samples but this is significant only 
when compared with the small molars in the 
Yuendumu and Western Australian samples (P = 
.009-.001) (Tables 65-71 ) .  In the Coobool Creek 
female sample the mean buccolingual dimension 
of their second molars is less than that for the 
Murray Valley females, but is significantly 
greater than the Yuendumu and Western 
Australian means (P = .05-.01 ) (Tables 65-71 ) .  

The maximum second molar breadth 
recorded for the Coobool Creek males (15.3 mm) 
seems slight in comparison with that recorded 
for one massive tooth from Swanport (16.2 mm) 
and is also less than the Murray Valley maximum 
(15.7 mm). The Coobool Creek female maximum 
(13.8 mm) is also exceeded by the female maxima 
at Swanport (14.0 mm) and the Murray Valley 
(14.6 mm). 

Maxillary third molar 

In terms of size and morphology this tooth 
shows the greatest variation in the maxillary arch 
(Campbell 1925:12).  Although there is greater 
variation in the breadth of these teeth in the 
Coobool Creek sample than in Ml and M2, the 
majority have large robust crowns. There are no 
reduced, peg-like third molars, although there is 
a congenital absence of the right maxillary M3 in 
CC65. 

Mean breadth of the maxillary third molar in 
the Coobool Creek males and females either 
exceeds, or equals, those in the comparative 
recent populations, but is below the mean figures 
for Kow Swamp and Barham (Tables 65-71 ) .  The 
Coobool Creek male mean is significantly greater 
than the Yuendumu and Western Australian 
male means (P = .05-.001), while the Coobool 
Creek female mean is significantly greater than 
that for the Western Australian females (P = .05-
.01) (Table 71 ) .  

Maximum third molar breadth in the Coobool 
Creek males (14.4 mm) is less than the maximum 
in the comparative samples (Murray Valley 16.3 
mm) and the Coobool Creek female maximum 
(13.5 mm) is also less than the Murray Valley 
female maximum (14.1 mm). 

Supernumerary maxillary teeth 

The only supernumerary tooth in the recon­
structed Coobool Creek dentitions is a unilateral 

right fourth molar in CC46. Turner (1884), 
Klaatsch (1902, 1908) and Campbell (1925) 
describe fourth molar teeth in Aborigines. 
Campbell's (1925:25) survey indicated that the 
fourth molar was the most frequent super­
numerary tooth, with a frequency in 600 
individuals of 1 % .  

Mandibular incisors 

The mandibular incisors are similar in size 
and morphology in Aboriginal dentitions, with 
the lateral incisor generally slightly larger than 
the medial one. Crowding of the mandibular 
incisors is present in four of the Coobool Creek 
mandibles (CCl, 12, 16 and 28), with both buccal 
and lingual displacement of the medial and 
lateral incisors. 

Due to their short, straight roots and relatively 
fragile structure, these teeth are often lost or 
damaged in Australian collections and their 
sample sizes in the Coobool Creek, Kow Swamp, 
Roonka and Swanport series are small for statis­
tical purposes. The Coobool Creek male medial 
and lateral incisors are similar in their bucco­
lingual dimensions, though the medial incisor 
sample is small and there is greater variation in 
the lateral incisors (Table 65) .  The Coobool Creek 
male means for 11 and I2 are greater than the 
mean values in the comparative samples but the 
results are not significant (Tables 70-71 ). The 
Murray Valley female mean for the medial 
incisor is greater than that for the Coobool Creek 
females (Table 70).  

Maximum breadth in the Coobool Creek male 
mandibular incisors (11 7.1 mm, I2 7.6 mm) is less 
than the maxima in the Murray Valley male 
sample (11 7.8 mm, I2 7.8 mm). The Coobool 
Creek female maximum for I2 (7.5 mm) is less 
than the Murray Valley female maximum (8.8 
mm). 

Mandibular canine 

The large size of the Coobool Creek 
mandibular canines makes these teeth distinctive. 
They have great breadth at the cervical margin, 
with moderate cingula on the lingual surface and 
long, thickened roots. Mean canine breadth in 
the Coobool Creek males is significantly greater 
than that in the Roonka, Broadbeach, Yuendumu 
and Western Australian males (P = .05-.001) 
(Tables 70-71) .  The Coobool Creek female mean, 
while larger than the comparative samples, is 
significant only when compared with the 
Western Australian female mean (P = .05-.01 ) 
(Tables 70-71) .  Maximum canine breadth in the 
Coobool Creek male (9.8 mm) and female (9.8 



mm) sample is exceeded by the Murray Valley 
males (10.1 mm) and females (9.1 mm). 

Mandibular premolars 

There is considerable variation in size and 
morphology in Aboriginal mandibular pre­
molars. The second premolar generally has a 
greater maximum buccolingual crown dimension 
than the first, though the first premolar, which 
may be slightly sectorial, may have a greater 
mesiodistal crown dimension. 

The Coobool Creek mandibular premolars, 
particularly those in males, are distinguished by 
their great size (Figs 68-69) .  The second premolar 
is particularly distinct. This tooth tends to be 
slightly molariform, with a marked lingual 
extension of the crown and two prominent 
lingual cusps (CC9, 16, 28, 32, 40 and 71 ). The 
first premolar, while also extremely broad, is in 
some instances slightly elongated and sectorial, 
with a more prominent buccal cusp than in the 
second premolar (CC9, 28 and 45). 

The mean breadth of the first premolar in 
Coobool Creek males is significantly greater than 
the mean values for the Murray Valley, 
Broadbeach, Roonka, Yuendumu and Western 
Australian samples (P = .05-.001) (Tables 70-71 , 
Fig.68). In Coobool Creek females the mean 
breadth of Pt equals the Swanport female mean 
and is not significantly greater than any of the 
comparative female samples (Tables 70-71 , 
Fig.69). The maximum breadth of Pt in the 
Coobool Creek males (10.7 mm) exceeds the 
maximum recorded for the comparative male 
samples (10.2 mm Broadbeach and Swanport). 
The Coobool Creek female maximum (9.6 mm) is 
also greater than that recorded for the compara­
tive female samples (9.4 mm Swanport). 

The mean breadth of P2 in the Coobool Creek 
males is significantly greater than the means for 
the comparative male groups (P = .05-.001 ), with 
the exception of the small Kow Swamp sample 
(Tables 70-71 ) .  In the Coobool Creek females the 
mean breadth of this tooth is greater than the 
mean values for the other samples, but not to a 
significant degree (Tables 70-71) .  The maximum 
buccolingual crown dimension for the Coobool 
Creek male second premolars (1 1 .0 mm) exceeds 
the maximum recorded for the other male 
samples (10.4 mm Broadbeach and Murray 
Valley) . The Coobool Creek female maximum 
(9.5 mm) is less than the Murray Valley female 
maximum (10.0 mm). 

Mandibular first molar 

The mandibular first molars in the Coobool 
Creek series are large and robust teeth with great 
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buccolingual breadth. The mean breadth of this 
tooth in the Coobool Creek male sample is sig­
nificantly greater than that in all of the 
comparative male groups (P = .05-.001), with the 
exception of the small Roonka sample (n = 4) 
(Tables 70-71, Fig.68). Variation in first molar 
breadth in the Coobool Creek males is 
considerably less than that recorded for the other 
male groups. The Coobool Creek female sample 
is small (n = 4) and the mean breadth for Ml in 
this group is less than that in the Murray Valley. 
Maximum first molar breadth in the Coobool 
Creek males (13.3 mm) is less than the maximum 
dimensions recorded for Swanport (13.6 mm) 
and the Murray Valley (13.5 mm). The Coobool 
Creek female maximum (12.1 mm) is less than 
the maxima recorded for the comparative female 
samples (Swanport 13.2 mm). 

Mandibular second molar 

This is also a large, well formed tooth in the 
Coobool Creek sample, with less variance for the 
buccolingual crown dimension than in the com­
parative samples (Tables 65-68, Figs 68-69). 

Mean second molar buccolingual breadth in 
the Coobool Creek males is significantly greater 
than the mean values recorded for Roonka, 
Broadbeach, Yuendumu and Western Australia 
(P = .05-.001 ) (Tables 70-71 ) .  The Coobool Creek 
male mean is greater than the Murray Valley and 
Swanport male means but not significantly so. 
There are equal mean values for this dimension 
in the Coobool Creek, Murray Valley and 
Swanport females (Table 70) .  

Maximum second molar breadth in the 
Coobool Creek males (13.2 mm) is less than the 
maximum dimensions recorded for the com­
parative male samples (Murray Valley 13.6 mm, 
Swanport 13.5 mm). Similarly the Coobool Creek 
female maximum (12.3 mm) is exceeded by the 
Murray Valley (12.9 mm) and Swanport (12.8 
mm) samples. 

Mandibular third molar 

The mandibular third molar exhibits greater 
morphological variation than the preceding two 
molars and it is generally the smallest tooth in 
the mandibular molar series. The Coobool Creek 
third molars are all large, well formed and 
functional teeth, with no evidence of gross 
morphological anomalies or congenital absence. 

Mean buccolingual breadth of the Coobool 
Creek male third molars is equal to the maxi­
mum mean of the comparative samples 
(Swanport) and is significantly greater than the 
Roonka mean (P = .05-.01 ) (Table 71 ). The 
Coobool Creek female mean is greater than the 
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comparative female means, but not significantly 
so. 

Maximum third molar breadth in the Coobool 
Creek males (12.8 mm) is less than the maximum 
figures recorded for the Swanport (13.9 mm) and 
Murray Valley (13.0 mm) males. The Coobool 
Creek female maximum (1 1 .7 mm) is also 
exceeded by the maximum values at Swanport 
(12.6 mm) and the Murray Valley (12.7 mm). 

SUMMARY 

The Coobool Creek male dentitions, and to a 
lesser degree those of the Coobool Creek females, 
have greater mean buccolingual crown dimen­
sions than the recent Aboriginal series examined. 
Although the Coobool Creek dentitions have a 
mean size which is greater than the comparative 
samples, they exceed the maximum buccolingual 
crown dimensions recorded for these recent 
groups for only two teeth: the first and second 
mandibular premolars. The tooth breadth com­
plex which clearly distinguishes the Coobool 
Creek sample from the comparative series is 
concentrated on the mandibles, which have 
significantly larger canines, first and second 
premolars and first and second molars than the 
comparative samples. The mandibular P2 is 
relatively molariform with a lingual expansion of 
the crown and prominent lingual cusps. 

The Coobool Creek male means are signifi­
cantly greater than the recent and mid-Holocene 
male samples for the following teeth: 
Maxillary 

12: Roonka, Murray Valley, Broadbeach, 
Yuendumu and Western Australia. 
C: Roonka, Yuendumu and Western 
Australia. 
Pl and P2: Yuendumu and Western 
Australia. 
Ml : Roonka, Murray Valley, Swanport, 
Broadbeach, Yuendumu and Western 
Australia. 
M2 and M3: Yuendumu and Western 
Australia. 

Mandibular 
C: Roonka, Broadbeach, Yuendumu and 
Western Australia. 
Pl : Roonka, Murray Valley, Broadbeach, 
Yuendumu and Western Australia. 
P2: Roonka, Murray Valley, Swanport, 
Broadbeach, Yuendumu and Western 
Australia. 
Ml : Roonka, Murray Valley, Swanport, 
Broadbeach, Yuendumu and Western 
Australia. 
M2: Roonka, Broadbeach, Yuendumu and 
Western Australia. 

M3: Roonka and Broadbeach. 
The Coobool Creek female sample is small for 

statistical purposes and few significant results 
were obtained in comparisons with the other 
female groups. The Coobool Creek female mean 
values for the buccolingual crown dimension are 
significantly greater than those recorded for the 
comparative samples for the following teeth: 
Maxillary 

12: Murray Valley, Swanport, Broadbeach, 
Yuendumu and Western Australia. 
C:  Western Australia. 
Pl : Western Australia. 
Ml and M2: Yuendumu and Western 
Australia. 
M3: Broadbeach and Western Australia. 
C: Western Australia. 

TOOTH BREADTH, CRANIAL SIZE AND 
STATURE ASSOCIATIONS 

For the buccolingual crown dimension the 
Coobool Creek dentitions have larger mean 
values for most teeth than the recent Australian 
samples used in this analysis. However, the 
Coobool Creek series is also distinguished from 
these comparative populations by the larger 
mean size of their associated crania and 
mandibles. It is therefore possible that the large 
size of the Coobool Creek dentitions simply 
reflects an allometric association between tooth 
size and the size of the cranium, or generally 
large body proportions. 

The relationship between tooth size, cranial 
size, stature and body weight has received con­
siderable attention in the anthropological and 
dental literature (Gabriel 1955; Garn and Lewis 
1958; Filipson and Goldson 1963; Garn et al. 
1968a, Garn et al. 1968b; Lavelle 1974, 1977; 
Henderson and Corruccini 1976; Anderson et al. 
1977; Gingerich 1977; Wood 1979). The original 
assumption appears to have been that 'in most 
cases, and especially in Primates, large teeth 
necessitate large jaws, and large jaws a large 
body . . . .  ' (Weidenreich 1946:60). 

Given that the fossil record of several primate 
taxa consists almost exclusively of teeth, the 
allometric association between tooth size and 
body size/weight has been examined with the 
intention of constructing predictive models for 
the calculation of body size from tooth size 
(Gould 1975; Kay 1975; Gingerich 1977; Wood 
1979) .  Although there is some evidence for an 
allometric association between molar crown 
areas and body size/weight for several primate 
genera (Gingerich 1977) there is little evidence 
for such a relationship in Homo sapiens. 



Garn and Lewis (1958:878) using a modem 
European sample, found that 'with a mean r of . 

-0.03, the hypothesis that tooth-size and body­
size are related receives very little support' . 
Similarly low correlations between stature (most 
often the length of the femur or humerus) and 
tooth size have been obtained by Filipson and 
Goldson (1963), Garn et al. (1968a), Anderson et 
al. (1975) and Anderson et al. (1977). Low, but 
significant correlations between tooth size and 
body size were recorded by Henderson and 
Corruccini (1976) and moderate correlations (Ml 
r = 0.38-0.42; M2 r = 0.29-0.32; M3 r = 0.51-0.54) 
between molar crown areas and femur length in 
a pooled-sex British sample (Lavelle 1977) . Using 
a sexed sample of South African Bantu skeletons, 
Wood (1979) found only low levels of correlation 
between tooth breadth and femur length, with a 
slightly negative allometric association between 
molar crown area and femur length. Higher 
correlations were obtained in the pooled-sex 
samples as a result of a wide separation of the 
male and female means, rather than any general 
pattern of covariance (1979:193-94). 

The association between tooth size and the 
size of the cranium has been examined by 
Filipson and Goldson (1963), Lavelle (1974) and 
Wood (1979).  Filipson and Goldson (1963) 
recorded a low correlation (r = 0.20) between 
incisor width and head width. Lavelle, using a 
pooled-sex sample, obtained low correlations 
(maximum r = 0.31 )  between tooth breadth, 
cranial length and cranial breadth, with very few 
significant correlations. Low levels of correlation 
for tooth breadth and cranial length, in single-sex 
samples, were obtained by Wood (1979) (male x r 
= 0.15, female x r = 0.18, pooled sex x r = 0.34).  
Only three out of the 16 correlations in the single­
sex samples were significant (P = .05-.01)  and one 
of these was a significant negative correlation. 

The relationship between the maxillary 
buccolingual crown dimensions and the size of 
the cranial vault, size of the palate and stature 
(femur length) were examined using the only 
Aboriginal series with a large number of 
associated postcranial skeletons, the Murray 
Valley. In addition, due to discrepancies in the 
published literature over the magnitude of tooth 
size/ cranial size/ stature associations and the 
possibility of population specific patterns of 
correlation, the connection between these 
variables was also examined using two non­
Aboriginal populations, modern southern 
Chinese and Romano-British males. The modern 
southern Chinese skeletons, the majority from 
Guangzhou, are in the collection of the 
Department of Anatomy, University of Hong 
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Kong. The Romano-British skeletons were exca­
vated from the Poundbury cemetery and are 
located in the British Museum of Natural 
History, London. 

In Tables 72-75 maxillary buccolingual dimen­
sions are correlated with cranial length (glabella­
opisthocranion), cranial height (basion-bregma), 
maximum biparietal breadth, alveolar length, 
alveolar breadth and maximum femur length in 
the Murray Valley male and female, southern 
Chinese male and Romano-British male samples. 
Due to the large number of missing teeth in each 
group correlation matrices were calculated using 
the convention of pairwise deletion of missing 
data. This maximised the number of individuals 
included in each correlation. The alternative 
approach, listwise deletion, would have reduced 
the size of all of the batches to less than 20. 

Tooth breadth and vault size 

In the Murray Valley male and female 
samples the levels of correlation between the 
maxillary buccolingual tooth dimensions and 
cranial length (glabella-opisthocranion), cranial 
height (basion-bregma) and maximum biparietal 
breadth are of a low order, particularly those 
involving biparietal breadth (Tables 72-73).  The 
highest correlation is between the canine 
buccolingual crown dimension and glabella­
opisthocranion in males. However, with an r2 of 
0.190, only 19% of the variation in the canine 
dimension is due to shared variation with cranial 
length. The other correlation coefficients are all 
below 0.382. No single tooth consistently gains 
higher levels of correlation with the cranial 
dimensions than any other. 

There are similarly low levels of correlation 
between these dimensions in the sou them 
Chinese and Romano-British male samples 
(Tables 74-75). Correlation coefficients involving 
the buccolingual tooth dimensions and biparietal 
breadth tend to oscillate, in a seemingly random 
manner, between -0.20 and 0.20. There are 
higher correlations between the tooth dimensions 
and glabella-opisthocranion and basion-bregma 
but all of these are below an r2 of 0.246. The 
highest correlation coefficient (r = 0.496) is for the 
association between the buccolingual breadth of 
the maxillary third molar and glabella­
opisthocranion in the southern Chinese male 
sample. Standard regression procedure invol­
ving these data obtained an equation for the 
regression line of y = 123.610 + 5.080x, with a 
standard error of 5.630. A standard error of this 
magnitude encompasses approximately 50% of 
the southern Chinese male range for glabella­
opisthocranion (171-196 mm) and would not 



Table 72 Pearson's correlation coefficient matrix (Pearson's r and sample size) for dental, cranial and femur dimensions in male skeletons from the Murray Valley ...... °' 
N 

1 2 3 4 5 6 7 8 g 1 0  1 1  1 2  13 14 
1 1 .  O O O  

3 8  
2 0 . 3 4 2 1 .  O O O  

3 8  4 4  
3 0 . 5 4 6  0 . 3 6 6  1 .  O O O  

3 8  4 1  4 2  
4 0 . 1 6 9  0 . 0 1 3  0 . 6 5 5  1 .  O O O  

3 6  3 9  3 9  4 0  
5 0 . 2 7 9  0 . 0 3 4  0 . 6 3 8  0 . 7 8 7  1 .  O O O  

3 7  4 2  4 1  3 9  4 4  
6 0 . 3 4 0  0 . 2 0 4  0 . 4 8 5  0 . 6 3 7  0 . 5 6 3  1 .  O O O  

3 1  3 7  3 4  3 2  3 7  3 9  7 0 . 4 3 9  0 . 1 2 3  0 . 6 2 4  0 . 6 1 4  0 . 7 5 6  0 . 7 8 6  1 .  O O O  
3 5  4 1  3 9  3 7  4 1  3 7  4 4  8 0 . 2 2 9 0 . 1 1 3  0 . 5 7 3  0 . 6 5 9  0 . 6 8 7  0 . 3 7 1  0 . 5 4 1  1 .  O O O  
3 4  4 0  3 8  3 6  4 0  3 6  4 1  4 2  g 0 . 3 4 9  0 . 0 0 9  0 . 4 3 6  0 . 1 7 5  0 . 2 8 1  0 . 2 0 0  0 . 3 4 2  0 . 2 7 9  1 .  O O O  
3 8  4 4  4 2  4 0  4 4  3 9  4 4  4 2  4 7  

1 0  0 . 0 1 3  - 0 . 1 3 0  0 . 1 1 0  0 . 1 4 0  0 . 1 0 9  0 .  0 7 1  0 . 1 1 4  0 . 3 3 9  0 . 3 1 6  1 .  O O O  
3 6  4 2  4 0  3 8  4 2  3 7  4 2  4 0  4 5  4 5  

1 1  0 . 1 8 3  - 0 . 0 5 6  0 . 1 0 4  0 . 0 3 4  0 . 1 7 3  0 . 0 5 6  0 . 1 2 5  - 0 . 0 1 4  0 . 1 4 3  - 0 . 0 6 8  1 .  O O O  
3 7  4 3  4 1  3 9  4 3  3 8  4 4  4 2  4 6  4 4  4 6  

1 2  0 . 3 6 4  0 . 0 5 0  0 . 3 5 3  0 . 2 2 2  0 . 4 0 5  0 . 4 9 0  0 . 6 5 8  0 . 3 8 9  0 . 3 6 9  0 . 0 1 8  - 0 . 0 3 3  1 .  O O O  
3 8  4 4  4 2  4 0  4 4  3 9  4 4  4 2  4 7  4 5  4 6  4 7  

1 3  0 . 1 2 2  - 0 . 1 1 3  0 . 3 2 4  0 . 3 2 6  0 . 3 8 9  0 . 3 5 0  0 . 5 9 3  0 . 3 1 9  0 . 2 9 2  0 . 2 1 2  0 . 0 5 3  0 . 4 7 2  1 .  O O O  
3 8  4 4  4 2  4 0  4 4  3 9  4 4  4 2  4 7  4 5  4 6  4 7  4 7  

1 4  0 . 1 6 4  0 . 3 3 5  0 . 2 7 8  0 . 0 7 1  0 .  0 9 1  0 .  0 9 2  0 . 2 7 6  0 . 1 1 7  0 . 6 3 5  0 . 2 3 9  - 0 . 1 6 5 0 . 3 9 6  0 . 2 9 0  1 .  O O O  
2 0  2 4  2 3  2 1  2 5  2 1  2 3 2 2  2 5  2 4  2 4  2 5  2 5  2 5  

1 Bucc o l i ngu a l  b r e a d t h  I 1 

2 Bucco l i ngu a l  breadth I 2 

3 Bucco l i ngu a l  breadth C 
4 Bucco l i ngu a l  breadth P 1 

5 Bucc o l ingu a l  b r e a d t h  P 2 

6 Bucco l i ngu a l  breadth M1 

7 Bucco l i ngu a l  breadth M2 

8 Bucco l i ngu a l  breadth M3 

9 G l abe l l a - op i s t h o c r an i o n  
1 0  B a s i o n �bi;egma 
11 B i p a r i e t a l  breadth 
1 2  Alve o l a r  length 
1 3  Alve o l a r  breadth 
14 Femu r length 



Table 73 Pearson's correlation coefficient matrix (Pearson's r and sample size) for dental, cranial and femur dimensions in female skeletons from the Murray Valley 

1 2 3 4 5 6 7 8 g 1 0  1 1  1 2  1 3  1 4  

1 1 .  O O O  
3 4  

2 0 . 3 7 5  1 .  O O O  
3 3  4 1  

3 0 .  6 1 6 0 .  6 9 2  1 .  O O O  
3 3  4 0  4 3  

4 0 . 6 6 9  0 . 6 2 8  0 . 6 4 1  1 .  O O O  
3 0  3 7  4 0  4 2  

5 0 .  4 9 2  0 . 5 8 4  0 . 5 5 2  0 . 7 9 5  1 .  O O O  
3 4  4 1  4 3  4 2  4 9  

6 0 .  5 2 9 0 . 5 2 9  0 . 5 9 0  0 . 4 9 3  0 . 4 6 2  1 .  O O O  
3 2  3 8  4 1  4 1  4 5  4 6  

7 0 . 4 4 9  0 . 4 8 7  0 . 5 5 6  0 . 5 8 7  0 . 6 4 2  0 . 6 9 0  1 .  O O O  
3 3  4 0  4 3  4 2  4 7  4 6  5 0  

8 0 . 3 0 8  0 . 2 5 6  0 . 3 0 0  0 . 2 8 3  0 . 4 3 4  0 . 3 4 5  0 . 5 4 7  1 .  O O O  
3 4  4 1  4 3  4 2  4 8  4 6  4 9  5 0  

g 0 . 2 7 7  0 . 2 6 2  0 . 2 2 4  0 . 0 8 7  0 . 2 0 3  0 . 1 4 4  0 . 2 6 9  0 . 3 3 6  1 .  O O O  
3 4  4 0  4 2  4 1  4 8  4 5  4 9  4 9  5 2  

1 0  0 . 3 0 4  0 . 2 2 9  0 . 1 1 3  0 . 2 3 2  0 . 3 6 7  0 . 1 0 4  0 . 3 8 2  0 . 2 6 5 0 . 0 7 9  1 .  O O O  
3 2  3 9  4 0  3 9  4 6  4 3  4 7  4 7  4 9  5 0  

1 1  0 . 2 0 6  0 . 2 8 6  0 . 1 8 3  0 . 1 3 4  0 . 0 3 3  - 0 .  0 7 1  - 0 . 0 3 8  - 0 . 0 3 7  0 . 3 2 1  0 . 0 6 2  1 .  O O O  
3 2  3 9  4 1  4 0  4 7  4 4  4 8  4 8  5 0  4 8  5 1  

1 2  0 . 2 0 9  0 . 4 1 5  0 . 4 6 4  0 . 3 0 5  0 . 3 9 4  0 . 4 6 4  0 . 5 6 8  0 . 3 3 8  0 . 3 7 6  0 . 1 9 3  0 . 0 3 9  1 .  O O O  
3 4  4 1  4 3  4 2  4 6  4 4  5 0  5 0  5 2  5 0  5 1  5 3  

1 3  0 . 1 2 7  0 . 1 6 0  0 . 2 7 8  - 0 . 1 0 0  0 . 0 7 5  0 . 2 6 7  0 . 3 1 7  0 . 2 7 7  0 . 4 4 8  0 . 1 6 8  0 . 1 2 8  0 . 5 1 2  1 . 0 0 0  
3 4  4 1  4 3  4 2  4 9  4 6  5 0  5 0  5 2  5 0  5 1  5 3  5 3  

1 4  0 . 0 7 5  - 0 . 1 2 5  - 0 . 1 0 5  - 0 . 1 0 5  - 0 . 0 9 3  - 0 . 2 4 2  - 0 . 1 5 6  0 . 0 4 7  0 . 3 4 9  0 . 2 6 1  0 . 0 9 4  0 . 1 7 5  0 . 2 4 1  1 .  O O O  
2 6  3 3  3 5  3 4  4 0  3 8  4 2  4 1  4 3  4 2  4 2  4 4  4 4  4 4  

1 Bucco l i ngu a l  b re adth r l 
2 Bucco l ingu a l  bre adth r 2 
3 Bucco l ingu a l  breadth C 
4 Bucco l ingu a l  breadth p l  
5 Bucco l ingu a l  b re adth p 2 
6 Bucco l ingu a l  b re adth Ml 
7 Bucco l i ngu a l  b r e adth M2 
8 Bucco l ingu a l  breadth M3 
9 G l abe l l a - o p i s t h o cran i o n  

1 0  B a s i on-bregrna 
1 1  B ipariet a l  bre adth 
1 2  Alve o l a r  length 
1 3  Alveo l a r  breadth 
1 4  Femur length ...... 

°' w 



Table 74 Pearson's correlation coefficient matrix (Pearson's r and sample size) for dental, cranial and femur dimensions in male Romano-British skeletons from 
..... 
0\ "'" 

Pound bury 

1 2 3 4 5 6 7 8 g 1 0  1 1  1 2  1 3  1 4  

1 1 .  O O O  
2 1  

2 0 . 7 6 8  1 .  O O O  
2 0  2 1  

3 0 . 8 0 3 0 .  7 1 3  1 . 0 0 0  
2 0  2 0  2 4  

4 0 . 6 9 0  0 . 7 0 2  0 . 6 2 3  1 .  O O O  
2 0  2 0  2 2  2 2  

5 0 . 6 9 4 0 . 6 6 0  0 . 5 8 5  0 . 8 6 2  1 .  O O O  
2 1  2 1  2 2  2 2  2 3  

6 0 . 6 9 3  0 . 6 6 6  0 .  7 2 6  0 . 6 3 6  0 . 6 1 3  1 . 0 0 0  
2 1  2 1  2 2  2 2  2 3  2 5  

7 0 . 6 6 3  0 . 6 5 2  o .  7 2 6  0 . 6 3 8  0 .  6 2 4 0 . 9 3 5  1 .  O O O  
2 4  2 4  2 4  2 5  2 2  2 4  2 5  

8 0 . 4 4 9  0 . 4 1 9  0 . 5 3 5  0 . 3 4 7  0 . 2 5 1  0 . 5 2 9  0 . 5 3 3  1 .  O O O  
2 2  2 2  2 2  2 3  2 0  2 2  2 3  2 3  

g 0 . 0 0 4 0 . 3 0 4  0 . 1 0 5  0 . 0 1 5  0 . 0 9 2  0 . 3 1 9  0 . 2 5 9  0 . 2 1 7  1 . 0 0 0  
2 6  2 6  2 6  2 7  2 3  2 5  2 5  2 3  2 7  

1 0  0 . 2 7 0  0 . 4 2 6  0 . 3 1 1  0 . 1 4 5  0 . 0 6 0  0 . 3 6 0  0 . 3 1 8  0 . 2 9 1  0 . 4 5 8  1 .  O O O  
2 6  2 6  2 6  2 7  2 3  2 5  2 5  2 3  2 7  2 7  

1 1  - 0 . 0 0 6  0 . 2 6 8  - 0 . 0 4 5  0 . 0 9 4  - 0 . 02 1  0 . 0 7 5  0 . 0 0 3  - 0 . 2 2 5  0 . 5 1 4  0 . 3 4 0  1 . 0 0 0  
2 6  2 6  2 6  2 7  2 3  2 5  2 5  2 3  2 7  2 7  2 7  

1 2  0 . 5 2 3  0 . 4 5 2  0 . 4 9 6  0 . 4 3 8  0 . 6 6 7  0 . 4 6 4  0 . 4 2 3  0 . 5 6 0  0 . 2 0 0  0 . 3 5 7  - 0 . 2 5 0  1 .  O O O  
2 6  2 6  2 6  2 7  2 3  2 5  2 5  2 3  2 7  2 7  2 7  2 7  

1 3  0 . 3 5 6  0 . 4 7 9  0 . 4 5 6  0 . 4 6 9  0 . 5 5 7  0 . 6 4 1  0 . 5 4 8  0 . 1 9 6  0 . 4 2 8  0 . 3 6 7  0 . 3 2 1  0 . 3 8 8  1 .  O O O  
2 4  2 4  2 4  2 5  2 2  2 4  2 5  2 3  2 5  2 5  2 5  2 5  2 5  

1 4  0 . 6 4 0  0 . 7 4 2  0 . 6 5 1  0 . 6 0 6  0 . 6 0 0  0 . 6 5 9  0 . 6 5 0  0 . 3 8 2  0 . 2 7 2  0 .  3 1 1  0 . 1 3 7  0 . 5 1 8  0 . 6 0 2  1 . 0 0 0  
2 5  2 5  2 6  2 6  2 2  2 4  2 4  2 2  2 6  2 6  2 6  2 6  2 4  2 6  

1 Bucc o l ingu a l  breadth r 1 
2 Bucco l i ngu a l  breadth r 2 
3 Bu cco l i ngu a l  breadth C 
4 Bu cco l i ngu a l  breadth p l 
5 Bucco l i ngua l  breadth p 2 
6 Bucco l i ngu a l  breadth Ml 
7 Bucco l i ngu a l  breadth M2 
8 Bucco l i ngu a l  breadth M3 
9 G l abe l l a - o p i s t h o c r a n i o n  

1 0  Ba s i on-bregma 
1 1  B i pa r i e t a l  breadth 
1 2  Alve o l a r  length 
13 Alve o l a r  bre adth 
14 Femu r l e ngth 



Table 75 Pearson's correlation coefficient matrix (Pearson's r and sample size) for dental, cranial and femur dimensions in male southern Chinese skeletons 

1 2 3 4 5 6 7 8 g 1 0  1 1  1 2  1 3  1 4  
1 1 .  O O O  

2 1  
2 0 . 7 5 4  1 .  O O O  

2 0  2 1  
3 0 . 8 1 2  0 . 7 3 5  1 .  O O O  

2 0  2 0 2 4  
4 0 . 5 5 2  0 . 6 4 9  0 . 5 0 3  1 .  O O O  

2 0  2 0 2 2  2 2  
5 0 . 3 5 7  0 . 3 8 8  0 . 5 1 1  0 . 6 9 2  1 .  O O O  

2 1  2 1  2 2  2 2  2 3  
6 0 . 4 2 4  0 . 3 7 3  0 . 4 9 1  0 . 7 3 6  0 . 7 8 8  1 .  O O O  

2 1  2 1  2 2  2 2  2 3  2 3  
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provide a worthwhile basis for prediction. 
Overall the four correlation coefficient matrices 
provide little support for a firm allometric 
association between the size of the cranial vault 
and the buccolingual dimensions of the maxillary 
teeth. 

Tooth breadth and palate size 

There is clearly a functional relationship 
between the maxillary tooth breadths and the 
length of the alveolar process. Moderate correla­
tions predominate for these variables in all of the 
samples (Tables 72-75) .  In the Murray Valley 
male and female matrices there is only one 
correlation coefficient below 0.209, with a mean 
correlation between alveolar length and the 
buccolingual dimensions of 0.366 in males and 
0.394 in females. The male and female maxillary 
second molars obtained the highest levels of 
correlation (male r = 0.658, female r = 0.568) with 
alveolar length. There are generally higher levels 
of correlation between these dimensions in the 
Romano-British series, with a mean of r = 0.502. 
Lower levels of correlation, especially for the 
posterior teeth, are present for the southern 
Chinese males (x r = 0.269). 

Using the Murray Valley male data the 
regression equation for the association between 
alveolar length and the buccolingual dimension 
of the maxillary second molar is, y = 16.460 + 
3.441x, with a standard error of 3.078. Applying 
this equation to the minimum (12.7 mm), maxi­
mum (15.3 mm) and mean (13.9 mm) bucco­
lingual dimensions of the Coobool Creek male 
maxillary second molars obtains alveolar lengths 
of 69.07 mm, 64.25 mm and 60.13 mm respec­
tively, which are remarkably close to the actual 
associated alveolar lengths of 69.0 mm, 64.7 mm 
and 63.0 mm. Although there may be some geo­
graphic variation in the details of this association 
these data clearly support Weidenreich's con­
tention that 'large teeth necessitate large jaws' 
(1946:60). 

To some extent measurements of alveolar 
length are also measures of tooth size and reflect 
the topographical relationship between these 
variables. However, there is also an ongoing 
biological relationship between the teeth and 
their alveolar support. Large teeth need a 
correspondingly large area of alveolar bone to 
provide adequate developmental space for the 
tooth, and when the tooth reaches occlusion, to 
provide support for the tooth roots and sufficient 
space for the correct occlusion of the crown. In 
aged individuals with marked interproximal 
wear, mesial migration and alveolar bone 

resorption the consistency of this relationship 
would be lost. 

However, the association between the breadth 
of the alveolar process and the buccolingual 
dimensions of the maxillary teeth are of a lower 
order, and less consistent, than the alveolar 
length correlations (Tables 72-75) .  In the Murray 
Valley males and females, and the southern 
Chinese males, the correlations between the 
dental dimensions and alveolar breadth are 
primarily below 0.35, with several low negative 
correlations. Contrasting with this, there is a 
consistently moderate level of correlation 
between the buccolingual dimensions and 
alveolar breadth in the male Romano-British 
sample, with all but two correlation coefficients 
exceeding 0.45. 

Tooth breadth and stature (femur length) 

There is a firm, albeit population and sex 
specific, relationship between maximum femur 
length and adult stature, with a predictive 
accuracy of ±30-40 mm for most human popula­
tions (Krogman 1962) .  With few exceptions, 
studies of the relationship between tooth size and 
stature (most often femur length) have obtained 
only low levels of correlation. The highest 
correlations (r = 0.28-0.54) were obtained by 
Lavelle (1977) using a pooled-sex British sample 
where the distance between the male and female 
means would have inflated the level of 
correlation. 

In the Murray Valley male and female groups 
there are only low levels of correlation between 
the maxillary buccolingual tooth dimensions and 
femur length, with six of the eight female corre­
lations ranging between -0.093 and -0.242 (Tables 
72-73).  It would appear that there is little 
support for the notion that taller Aborigines from 
the Murray Valley necessarily have larger teeth 
than their shorter contemporaries. Scatterplots of 
the association between these dimensions have a 
broad dispersion, without a clear linear trend 
(Fig.70). 

However, this does not appear to be true for 
the southern Chinese and Romano-British males 
(Tables 74-75; Fig.71 ) .  In the Romano-British 
males all but one of the correlation coefficients 
for the dental dimensions and femur length are 
greater than 0.49. The single exception is for the 
morphologically and metrically variable third 
molar (r = 0.382).  In the southern Chinese males 
there is greater variation in the pattern of corre­
lation, although moderate levels of correlation 
still predominate. 

Both the southern Chinese and Romano­
British samples are smaller than those for the 
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Murray Valley, with only 14 of the southern 
Chinese skeletons having associated femora. 
Correlation coefficients can be highly susceptible 
to sample size fluctuations and much larger 
samples would be needed to make a definitive 
statement about the pattern of association 
between these dimensions. These data while 
providing some support for an allometric 
association between stature and tooth size, high­
light the presence of marked interpopulation 
variation in this relationship. 
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DISCUSSION 

Bivariate plots for each set of correlates were 
examined. For the single-sex plots of individual 
tooth dimensions, with either cranial length 
(glabella-opisthocranion), cranial height (basion­
bregma) or biparietal breadth, the plotted points 
were widely scattered and without a convincing 
linear relationship. No one tooth consistently 
gained higher correlations with the cranial 
dimensions than any other. In a pooled-sex 
Murray Valley series the level of correlation was 
increased due to the wide separation of the male 
and female means, rather than to any overall 
pattern of covariance. These data support 
Wood's (1979) observations and indicate that 
there is little evidence of an allometric association 
between tooth breadth and the size of the vault in 
Homo sapiens. 

The Coobool Creek dentitions can be distin­
guished from those in both recent and prehistoric 
Australian populations by the greater mean 
buccolingual dimensions of the maxillary and 
mandibular teeth and the suggestion of greater 
sexual dimorphism. Given the low correlation 
between tooth breadth and vault size in 
Aborigines, the greater mean tooth breadths in 
the Coobool Creek sample are unlikely to be a 
product of tooth and vault-size allometry. 
Although it is possible that allometry may 
account for a slight overall increase in tooth size, 
it would not produce areas of specific increase, 
such as Coobool Creek maxillary lateral incisors 
or mandibular second premolars. 

Significant features of the Coobool Creek 
dentitions are: (a) the large mean size of the 
maxillary lateral incisors, which in size and 
morphology are closer to the medial incisors than 
are the lateral incisors in recent Australian pop­
ulations; (b) a large and robust maxillary first 
molar; (c) great breadth in the mandibular 
canines, premolars and first and second molars; 
(d) the Coobool Creek second premolars are 
distinctly molariform, with a lingual extension of 
the crown and prominent lingual cusps; (e) the 
maximum buccolingual crown dimensions of the 
mandibular first and second premolars exceed 
the comparative Australian range. 

Townsend and Brown's (1978a, 1978b) 
examination of tooth size heritability in 
Aborigines from Yuendumu concluded that 
additive genetic variance accounted for about 
64% of total phenotypic variability, common 
environment contributed about 6%, and within 
family environment the remammg 30% 
(1978b:501) .  Environmental effects may be either 
prenatal or postnatal in origin (Holloway et al. 
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1961; Bailit and Sung 1968; Keene 1971; 
Townsend and Brown 1978a, 1978b). Low birth 
weight, prenatal stress and uterine competition 
amongst twins may result in decreased tooth 
crown size (Keene 1971; Garn et al. 1965) while 
those with higher birth weights tend to have 
larger teeth (Garn et al. 1979). It has also been 
argued that the intake of fluoride or 
molybdenum during dental development can 
influence crown size and morphology (Kruger 
1962; Goose and Roberts 1979) .  For example, 
high fluoride levels in drinking water is probably 
a factor in the relatively microdont condition of 
the Aborigines from Yuendumu (Williamson and 
Barrett 1972; Brown and Townsend 1980). Where 
tooth size is increased through local environ­
mental factors this would be indicated either by 
an overall increase in size, or an increase 
restricted to particular developmental categories. 
Neither of these conditions is supported by the 
pattern of tooth size increase at Coobool Creek, 
where there are no specific developmental links 
between the categories represented. 

Areas of specific tooth size increase in the 
Coobool Creek series (maxillary 12 and Ml, 
mandibular Pl, P2 and M2) are more likely to be 
indicative of phyletic relationship than environ­
mental effects. Unfortunately little can be said 
about the dental characteristics of the Australian 
human skeletal materials predating Coobool 
Creek and Kow Swamp. The facial skeletons and 
dentitions of LMI and III are extremely frag­
mentary, while WLH 50 is without associated 
dental remains. The LMI teeth are represented 
by root fragments and crowns from which the 
enamel has been exfoliated due to the cremation 
procedure and subsequent burial. Reliable 
dental dimensions can not be recorded for this 
individual. In the more complete LMIII it is 
possible to record the buccolingual dimensions of 
a mandibular first premolar, second premolar 
and third molar (Brown 1987a). With a bucco­
lingual dimension of 9.0 mm the first premolar is 
within the male range at Coobool Creek (8.6-10.7 
mm) and Kow Swamp (8.9-9 .7 mm). The second 
premolar is a larger tooth and its buccolingual 
dimension (9.5 mm) is greater than the Kow 
Swamp maximum (9.4 mm) but less than the 
Coobool Creek male mean (9.9 mm). Finally, the 
buccolingual dimension of the third molar (12.0 
mm) is slightly greater than the Coobool Creek 
(1 1 .9 mm) and Kow Swamp (1 1 .8 mm) male 
means. All of the buccolingual dimensions for 
the LMIII teeth are close to the mean dimensions 
for the recent populations from Swanport and the 
Murray Valley. These data shed little light on the 
dental characteristics of Australian populations 

predating Coobool Creek and Kow Swamp. 
Although it is possible that the Coobool Creek 

dentitions are a direct representation of the 
dental complex in Australia's founding popula­
tion it is equally likely that they represent the end 
result of 30,000 years of adaptation to local 
cultural, and environmental, conditions. It is also 
conceivable that the dental characteristics of the 
terminal Pleistocene samples from the central 
Murray Valley region (Coobool Creek, Kow 
Swamp and Cohuna) are specific to that place 
and time and not representative of Australia as a 
whole. Amongst recent Aboriginal populations 
there are marked regional variations in tooth 
size, occlusion and the size and morphology of 
the oro-facial skeleton. There is nothing in the 
Australian human skeletal record to suggest that 
this geographic variation is of comparatively 
recent development. 

Perhaps the only certainty about the dental 
dimensions from Coobool Creek is in the 
evidence it provides for a post-Pleistocene 
reduction in tooth size in the central Murray 
Valley region. Comparison of the box plots (Figs 
66-69) and statistical data (Tables 65-69) reveals 
the greater overall size of the Coobool Creek 
dentitions relative to their recent, and to a lesser 
degree mid-Holocene, counterparts. However, 
the small samples from Barham and Roonka pro­
vide conflicting evidence as to the time period 
over which this reduction occurred. Barham, 
radiocarbon dated 5400 ± 90 to 4679 ± 110  years 
BP and represented by six individuals (4 males 
and 2 females), has tooth size characteristics 
which are most similar to Coobool Creek and 
Kow Swamp. If this small sample is representa­
tive it suggests that the major period of tooth size 
reduction was after 4000-5000 years BP. 
Contrasting with this, the relatively microdont 
dentitions from Roonka Phase II, dated to 
between 4000-7000 years BP, imply that there 
was significant reduction in tooth size prior to 
the burial of R48 at 3930 ± 120 years BP. 
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VI 
CONCLUSION 

THE COOBOOL CREEK AND KOW SWAMP 
MORPHOLOGICAL PATIERN 

Morphological, univariate and multivariate 
comparisons of the crania, mandibles and denti­
tions from Coobool Creek and Kow Swamp have 
di�tinguished these samples from recent, and 
rmd-Holocene, Australian populations (Thorne 
and Macumber 1972; Thorne and Wilson 1977· 
Pietrusewsky 1979; Brown 1981b, 1987a). Th� 
combined effects of large size and a shared 
cultural practice (artificial cranial deformation) 
gives several of the crania from Coobool Creek 
Nacurrie and Kow Swamp-Cohuna a visual and 
statistical appearance which is apparently unique 
to the central Murray Valley region during the 
terminal Pleistocene. 

The Coobool Creek, Nacurrie and Kow 
Swamp mandibles combine great corpus height, 
both at the symphysis and between the first and 
second molars, with a particularly thickened 
corpus. The rami are tall and broad with robust 
elongated coronoid processes and massiv� 
condyles. The masseteric fossae are large and 
deep,

. 
wit� marked eversion of the angles, 

especially m males. On the medial surface of the 
corpus the mylohyoid ridge passes in a low, 
smooth curve downwards to the submaxillary 
fossae and inferior border, rather than dropping 
away abruptly below the mylohyoid line. The 
maximu� dimensions for symphyseal height, 
corpus height, corpus thickness, bigonial breadth 
and bicondylar breadth exceed the maxima 
recorded for other Australian samples of any age. 

One of the major distinguishing features of 
the crania from Coobool Creek, Nacurrie and 
Kow Swamp is their great size. Of the 48 
variables in the Coobool Creek and Murray 
Valley male and female comparisons, 33 have 
mean values which are significantly greater (P = 
.05-.000) in the Coobool Creek males and 27 in 
the Coobool Creek females (Table 8). Similar 
results were obtained in comparisons with the 
male and female crania from Swanport and 
Broadbeach. Box plots of these data demonstrate 
the greater size of the Coobool Creek and Kow 
Swamp crania relative to those from Barham and 
the recent Australian samples. There was clearly 
a post-Pleistocene reduction in the overall size of 
the cranium in the central Murray Valley region 
prior to the use of the Barham cemetery at 5500-
4500 years BP. 

It is from a lateral aspect that several of the 
crania from Coobool Creek and Kow Swamp 
appear particularly distinctive. These crania 
combine marked recession of the frontal squama 
with great cranial height, a relatively great 
anterior-posterior curvature of the parietal bones 
and a flattened occipital bone. These features in 
association with several others are indicative of 
artificial deformation. Morphological and statis­
tical comparisons suggest that the area least 
likely to be influenced by the deformation 
process is the oro-facial skeleton. Detailed com­

parisons of temporal and regional variation, 
mvo!ving the Coobool Creek and Kow Swamp 
crarua, should therefore be restricted to this 
general anatomical region. 

The Coobool Creek crania are markedly 
dolichocephalic, with broadly flaring zygomatic 
arches creating large temporal fossae. The 
frontal bones are large, with great supraorbital 
and postorbital breadths. The glabella region is 
low and broad, with relatively slight depression 
at nasion. The zygomatic trigones are often 
globose and thickened, exceeding the develop­
ment in the comparative Australian samples. 

The facial skeletons are large and robust. The 
nasal bones are broad and flattened, exhibiting 
great breadth at the naso-frontal articulation. 
Absolutely shallow orbits are placed above 
massive, robust zygomatic bones. The zygomatic 
bones combine a maximum depth which exceeds 
the comparative Australian range with promi­
nent malar tuberosities, a thickened inferior 
border and a column-like frontal process. 

Inferiorly the subnasal region is dominated by 
the large size of the incisor and canine roots. The 
subnasal area is elongated and prognathic, with a 
relatively straight alignment of the incisor and 
canine roots. The canine eminences are 
extremely prominent. Maximum alveolar 
breadth in the Coobool Creek palates expands 
the recorded Australian range. Other features 
distinguishing the Coobool Creek and Kow 
Swamp crania include a tendency for maximum 
cranial breadth to be located towards the cranial 
base, rather than on the parietal bones. There is 
great mean thickness in the bones of the cranial 
vault, although some crania (CCI and 66) are at 
the opposite end of the Australian range for this 
feature. The glenoid fossae are deep with 
prominent articular eminences. 

The Coobool Creek dentitions are distin-
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guished from the comparative recent and other 
prehistoric Australian samples by their greater 
mean buccolingual crown dimensions. The mean 
breadths of the Coobool Creek maxillary lateral 
incisors, first molars, mandibular canines, first 
and second premolars and first and second 
molars are significantly greater than the com­
parative Australian samples. The most distinc­
tive teeth in the Coobool Creek sample are the 
large and robust maxillary lateral incisors and 
the molariform mai:tdibular second premolars. 
Although there are few teeth preserved from 
Kow Swamp, the available data supports the 
Coobool Creek results. 

In summary the Coobool Creek and Kow 
Swamp individuals share a similar morpho­
logical pattern in their crania, mandibles and 
dentitions. This suite of features distinguishes 
them from recent and other prehistoric skeletal 
samples from the Murray Valley region. 

AN INITIAL CHRONOLOGY FOR THE 
COOBOOL CREEK REMAINS 

The human skeletal materials from Coobool 
Creek were collected without regard to their 
archaeological or stratigraphic provenance and 
there are no radiocarbon dates from the site. In 
1982 an effort was made to obtain radiocarbon 
dates on bone collagen from postcranial and 
cranial skeletal material from Coobool Creek. 
This attempt was frustrated by the immersion of 
all bone in a gelatin bath, as a preservative 
coating, shortly after recovery. Contamination 
by this modem collagen has completely masked 
any prehistoric collagen which may have been 
present. In the long term it may have been 
possible to isolate the amino acids of human 
origin, from those of non-human origin, and date 
the human ones. Unfortunately, in 1984 the 
implementation of amendments to the Victorian 
State Relics Legislation, combined with the trans­
ferral of the 'Murray Black Collection' to the 
custodianship of the Museum of Victoria and the 
subsequent embargo on research access, pre­
vented further research on this issue. 

At present, the only radiometric date 
associated with the Coobool Creek skeletons is a 
uranium thorium date on an innominate frag­
ment from CC65 of 14,300 ± 1000 years BP (LL0-
416) .  Uranium thorium (234U/230Th) dating of 
bone, particularly bone which is less than 20,000 
years old, is likely to yield problematic results. 
The mechanisms of uranium uptake and fixation 
to bone are poorly understood and in some 
instances there is continued migration of 
uranium after fossilisation (Charalambous and 
Papastefanou 1977; Rae and Ivanovich 1986; 

Chen and Yuan 1988). In addition, the original 
234U concentration in groundwater is variable 
and with a half-life of 300,000 years the sensi­
tivity of measurement equipment is exceeded 
with materials younger than 10,000 years BP. 
Even though a date of 13,000-15,000 years BP 
complies with my own expectations, without the 
support of at least one associated radiocarbon 
date I would not choose to emphasise these 
results. Therefore assessments of the possible 
age of the Coobool Creek sample rest largely on 
comparative cranial morphology and/ or cultural 
evidence. 

Morphological dating involves a comparison 
of specimens from a site without firm chrono­
logical control with specimens from a sequence 
of known age. Morphological dating has been 
misused, as original estimations of the age of 
Talgai (Smith 1918) and WLH 50 (Flood 1983:67-
68; Delson 1985; Wolpoff 1985a, in press; Caddie 
et al. 1987) crania demonstrate. However, 
'morphological evolution did occur, and on 
average, samples from different times can be 
distinguished from one another' (Wolpoff 
1980:12). 

Perhaps the best guide to the absolute age of 
some of the Coobool Creek skeletons is provided 
by the presence of artificial cranial deformation. 
Although there is an ethnographic account of 
cranial deformation from northern Victoria 
(Kenyon 1928:165), there is no evidence of the 
morphological pattern associated with deforma­
tion in the several thousand 'recent' crania from 
Victoria, South Australia and New South Wales 
in Australian museum collections. There is also 
no evidence of cranial deformation in the pre­
historic samples from Roonka (7000 years BP­
European contact period) (Pretty 1977; Prokopec 
1979; Pietrusewsky 1979, 1984), the mid­
Holocene Barham series (Daley 1986) or the 
Murray Valley group excavated at Wentworth by 
Blackwood and Simpson (1973) and dated to 
6000-750 years BP. In Australia, artificially 
deformed crania have only been recovered from 
Kow Swamp, Nacurrie and Coobool Creek. 
These sites are in close geographic proximity and 
the Kow Swamp skeletons are bracketed by dates 
of 13,000 ± 280 (ANU-1236) and 9300 ± 220 
(ANU-619b) years BP (Thome 1975). The 
presence of artificially deformed crania in these 
three sites, and their absence from mid-Holocene 
and recent sites in the same area, suggest that 
they share a common cultural and chronological 
association. 

As the Coobool Creek series can be sub­
divided into crania which show evidence of 
being artificially deformed and those that do not, 



it is possible that this variation reflects the use of 
the cemetery by two different populations. If so . 
it would seem more probable that these groups 
were temporally circumscribed, rather than just 
culturally distinct. If the ethnohistorical ties 
between cemeteries and land ownership 
(Meehan 1971; Pardoe 1988) can be extended into 
the prehistoric period, then it is unlikely that 
more than one descent group would be using a 
given cemetery at the same point in time. Either 
way, a subdivision of the Coobool Creek sample 
based on neurocranial variation is not supported 
by morphological and metrical comparisons of 
their oro-facial skeletons (Brown 1987a). The 
oro-facial skeletons form a morphologically and 
metrically homogeneous group with low rec­
tangular orbits, large nasal apertures, great 
alveolar breadth, marked subnasal prognathism, 
and coefficients of variation which are generally 
lower than those for the comparable dimensions 
in the Murray Valley, Swanport and Broadbeach 
samples (Tables 5-8).  

Rather than indicating that the cemetery 
contains the remains of two discrete populations, 
morphological variation within the Coobool 
Creek series follows a similar pattern to that 
recorded for other groups which artificially 
altered the shape of their children's heads 
(Dingwall 1931) .  Intentional cranial deformation 
may be undertaken for purely aesthetic reasons 
or as a method of group identification and dis­
tinction. In common with other, less permanent, 
aspects of personal adornment the rigour with 
which a group practices cranial deformation will 
vary with fluctuations in custom, fashion and 
circumstance. 

Additional sources of variation are provided 
by the mechanics of the deformation process, the 
dedication of the individual applying the pro­
cedure, the receptiveness of the individual to 
which it is being applied, and individual varia­
tion in the genetically determined pattern of 
cranial growth. These culturally and biologically 
induced sources of variation may result in a 
population which practices cranial deformation 
having some members who either have not had 
their heads deformed, or deformed to a lesser (or 
greater) degree than the average (Dingwall 1931; 
Blackwood and Danby 1955; Kiszely 1978). The 
pattern of morphological and metrical variation 
in the Coobool Creek cranial vaults conforms 
with these conditions. It is also possible that the 
Coobool Creek cemetery, in common with Kow 
Swamp, was in use for several thousand years. 
Some fluctuation in attitudes towards cranial 
deformation might be expected over such an 
extended period.  

1 71 

On the available evidence from the central 
Murray Valley region the Coobool Creek sample 
is older than Barham burial K2/ 1 dated to 5400 ± 
90 BP (Daley 1986) and the Wentworth crania 
excavated by Blackwood and Simpson (1973:105) 
dated to 5900 ± 550 years BP (GaK-1430). The 
crania excavated from these two sites, Barham 
and Wentworth, are morphologically indis­
tinguishable from recent Aboriginal crania from 
the same area. Similarly, the Coobool Creek and 
Kow Swamp osteological complex is not present 
at Roonka Phase II (8000-7000 years BP), with 
marked skeletal and dental reduction at Roonka 
relative to Coobool Creek and Kow Swamp 
(Smith et al. 1988). The morphological and cul­
tural affiliations of the Coobool Creek series are 
clearly with the Kow Swamp population, which 
is dated to between 13,000 and 9000 years BP. 

DIACHRONIC CHANGE WITHIN THE 
MURRAY VALLEY 

Morphological and statistical comparisons of 
the Kow Swamp crania have distinguished their 
fronto-facial skeletons from those in a 'recent' 
northern Victorian series (Thome 1976; Thorne 
and Wilson 1977; Pietrusewsky 1979). Thome 
and Wilson (1977) argue these differences indi­
cate that there were major morphological 
changes in the facial and frontal regions of 
Aboriginal crania over the last 10,000 years. Data 
obtained from the Coobool Creek series both 
extend and modify their argument. The evidence 
for cranial deformation in the Coobool Creek and 
Kow Swamp samples reveals that diachronic 
changes in frontal bone morphology are largely 
of cultural origin (Brown 1981b, 1987a). 
However, the additional data available for the 
facial skeleton, mandible and dentition from 
Coobool Creek add support to aspects of Thome 
and Wilson's argument. 

Under ideal circumstances an analysis of post­
Pleistocene change in osteological and dental 
features would draw on a large skeletal sample 
from a single site, with a continuous period of 
post-Pleistocene occupation. The Australian 
skeletal series which most closely approximates 
these conditions comes from 800 km to the 
northwest of Coobool Creek at Roonka Flat 
(Pretty 1977).  Unfortunately much of the skeletal 
material from Roonka is poorly preserved and 
the stratigraphic relationship, and age, of the 
burials remains uncertain (Pretty 1977; Prokopec 
1979; Prescott 1983; Head 1986; Smith et al. 1988). 
There are also problems with the central Murray 
Valley samples used in this analysis. The two 
most securely dated groups, Kow Swamp and 
Barham, combine small numbers with inade-
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quate preservation, and the 'recent' Murray 
Valley series is without chronological or 
archaeological context. 

These samples while adequate for identifying 
a post-Pleistocene reduction in hard tissue mass, 
and related changes in skeletal morphology, are 
insufficient for documenting either the rate or 
precise timing of the events involved. 
Morphological and metrical comparisons of the 
Coobool Creek and Kow Swamp crania with the 
mid-Holocene samples from Roonka and Barham 
suggest that the major period of structural 
reduction was between 13,000 and 5000-6000 
years BP. The Coobool Creek-Kow Swamp . 
osteological complex is absent from both Roonka 
Phase II and Barham, with the skeletal and dental 
characteristics of Roonka and Barham falling 
within the recent Aboriginal range (Pietrusewsky 
1979, 1984; Daley 1986; Smith et al. 1988). 

During this period there is an overall reduc­
tion in the size of the oro-facial skeleton, cranial 
vault and dentition. There is a marked reduction 
in facial height, supraorbital breadth and mid­
facial breadth (bizygion) . The zygomatic bones 
become shallower, with a thinning of the inferior 
border and a less robust frontal process. In 
association with the reduced size of the incisor 
and canine roots, the subnasal region becomes 
shallower and less prognathic. Mean palate size 
decreases, although the reduction is more in 
evidence for alveolar breadth than length. The 
breadth of the interorbital region decreases and 
there is an apparent increase in the height of the 
orbits. The nasal root becomes increasingly 
depressed and the glabellae take on a more 
inflated, prominent appearance. There is a 
general reduction in the size of the teeth and of 
their supportive alveolar bone, and the lower 
face becomes less robust. 

In the mandible there is a marked reduction in 
the height and thickness of the corpus and in 
bigonial and bicondylar breadth. In association 
with a decrease in tooth size there is a reduction 
in the alveolar segment of the mandible making 
the chin region appear more prominent. On the 
medial surface of the corpus, the mylohyoid 
ridge becomes more sharply defined, with a 
prominent elongated mylohyoid line. The areas 
of attachment for the masseters and pterygoids 
become less rugose and depressed. The rami 
decrease in height and there is a proportional 
increase in the breadth of the rami relative to 
their height. 

Comparing Coobool Creek with the 'recent' 
Murray Valley series there is a reduction in the 
mean buccolingual crown dimensions of the 
male maxillary teeth of 2.6% and mandibular 

teeth of 4 .1  %, with an overall reduction of 3.3%. 
The two teeth which display the greatest size 
reduction are the maxillary lateral incisors (8.4%) 
and mandibular second premolars (7.6%). This 
reduction in tooth size is not as evident in com­
parisons between the female samples from 
Coobool Creek and the Murray Valley. In 
females there is a reduction in the maxillary teeth 
of 2 .1  % and mandibular teeth 0.2%, with an 
overall reduction of 1 .2%. The tooth which 
shows by far the greatest degree of reduction in 
the female sample are the maxillary lateral 
incisors (10.4%). 

Outside Australia similar changes in the size 
and morphology of the oro-facial complex and 
dentition over the last 15,000-10,000 years have 
been recorded for sub-Saharan Africa (Rightmire 
1974, 1975), Nubia (Van Gerven et al. 1973; 
Carlson and Van Gerven 1977; Calcagno 1986), 
the Mediterranean (Le Blanc and Black 1974), 
Europe (Brace 1967; Brace and Mahler 1971 ; 
Brose and Wolpoff 1971; Frayer 1977), Sri Lanka 
(Kennedy et al. 1987), India (Kennedy 1984; 
Lukacs 1984) and East Asia (Brace 1978).  Only in 
one instance (Scott 1979), where pooled-sex and 
small sample-size data were used, has a con­
flicting trend been recorded. However, there is 
considerable debate covering the mechanism 
involved, especially in relation to the reduction of 
tooth size in the European Palaeolithic and 
Mesolithic. A major issue, as with most instances 
of temporal change in human anatomy, is 
whether this is a product of internal adaptation 
and evolution or whether the changes simply 
reflect gene pool alteration through migration 
(Howells 1976b) .  

The argument which has been pursued with 
the greatest vigour sees the overall trend towards 
reducing tooth size as a response to the 
relaxation of selection pressure for large teeth 
(Brace 1963, 1964; Wolpoff 1969; Brace and 
Mahler 1971).  In particular it is increasing pre­
masticatory preparation of food resulting from 
technological change, and decreasing use of the 
teeth in functions unrelated to mastication (as 
tools), which are seen as the major causal agents. 
According to this model the rate at which the 
dentition, or masticatory system in general, 
reduces in size can be expected to increase with 
the introduction of agriculture and soft, refined 
carbohydrate staples. Although there is an 
inverse relationship between tooth size and tech­
nology, at least for Europe over the last 20,000 
years (Brace 1967; Bordes 1972; Brose and 
Wolpoff 1971; David 1973), this in itself does not 
demonstrate a causal relationship. 

Brace (1963) proposed that structural reduc-



tion in the facial skeleton and dentition through 
the European Palaeolithic and Neolithic was a 
result of the 'probable mutation effect' . This 
hypothesis refers to the accumulation of recessive 
genes which result from the relaxation of selec­
tion pressure for a structure or configuration of 
structures. Brace argues that the accumulation of 
these recessive genes results in directional 
structural reduction. Criticisms of Brace's 
hypothesis (Prout 1964; Wright 1964; Brues 1966; 
Holloway 1966; Bailit and Friedlander 1966; 
Suarez 1974) have pointed out that while the 
accumulation of random mutations could be 
expected to result from a relaxation of selection, 
with a subsequent increase in morphological 
variation (Guthrie 1965), there is no reason why 
this should result in directional change. 

Structural reduction is a particularly con­
troversial area in evolutionary genetics and 
several competing hypotheses have been 
proposed. Wright (1964:66), in reply to Brace 
(1964), argued that structural reduction is 

due largely to selection for pleiotropic 
effects of newly favoured alleles of the 
genes that had been involved in the 
development of the organ in question . . .  the 
substitution of new alleles would on 
average tend to bring about reduction of the 
organ after its maintenance had ceased to be 
an object of natural selection. 

Others have proposed a developmental interac­
tion, involving dental field theory and allometric 
relationships between decreasing size in the 
facial skeleton and the developmental areas of 
the teeth (Sofaer et al. 1971; Anderson et al. 1975; 
Gould 1975), or a straightforward allometric 
relationship between tooth size and body size 
(Pilbeam and Gould 1974; Wolpoff 1973).  

An interesting argument has been presented 
by Prout (1964), who suggests that a non­
functioning structure still requires a great expen­
diture of metabolic energy to create and 
maintain, and hence will be selected against. 
This theory assumes that an organism expending 
energy for an unnecessary structure will be at a 
selective disadvantage. Decisive experimental 
support is lacking for each explanation of struc­
tural reduction, although the interaction between 
developmental fields and the oro-facial skeleton 
appears to be the most promising (Sofaer 1973). 
All the theoretical approaches to structural 
reduction envisage the process as a result of the 
relaxation of selection. For the human dentition 
it is a reduction in the selective factors for large 
tooth size. 

In this respect the trend towards structural 
reduction in the size of the dental complex in the 
Murray Valley over the last 10,000 years is of 
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importance. In Europe reduction in tooth size 
has been accompanied by marked cultural 
changes from the Palaeolithic to the Neolithic, 
with the development of agriculture and 
sedentary life styles (Brose and Wolpoff 1971 ) .  
Australia during the same period of time is dis­
tinguished by relative cultural conservatism. 
Although there were some post-Pleistocene 
developments in stone-tool and food-preparation 
technology (White and O'Connell 1982) these do 
not appear to have had a significant influence on 
masticatory function. 

One of the most distinctive features of 
Aboriginal dentitions, from the terrninal­
Pleistocene to the European contact period, is 
marked occlusal and interproximal tooth wear. 
In their analysis of the Roonka dentitions Smith 
et al. (1988:35) concluded that 'the similarity of 
attrition scores in all periods at Roonka suggests 
that no observable change in dental function took 
place over time but was uniformly severe'. 
Similarly acute tooth wear (dentine and pulp 
exposure with subsequent apical abscess 
development and tooth loss) is also a feature of 
adult dentitions from Coobool Creek, Kow 
Swamp, Barham, Swanport and the 'recent' 
Murray Valley series. In the European contact 
period, for which there are reasonable descrip­
tions of diet and non-masticatory tooth use in the 
central Murray Valley region (Krefft 1865; 
Beveridge 1883; Curr 1883), selection must have 
continued to favour large, slow-wearing teeth. 
Prior to the 19th century introduction of 
European foodstuffs, I find it difficult to believe 
that there was a meaningful relaxation in the 
selection pressure for a robust masticatory 
system, and large teeth, in the Murray Valley 
region. 

It is possible that change within the Murray 
Valley, rather than reflecting internal processes of 
selection and adaptation, indicates gene flow into 
this area from regions with smaller mean tooth 
size. Analyses of Aboriginal tooth size 
(Townsend and Brown 1979b; Freedman and 
Lofgren 1981; Smith et al. 1981; Brown 1987a) 
reveal that there is considerable intrapopulation 
variation in tooth size within the continent. 
Areas of maximum tooth size are centred on the 
central Murray Valley, with samples from 
northern, central and western Australia obtaining 
significantly smaller mean dimensions. Brace 
(1980) argues for the presence of tooth size dines, 
primarily running north-south, but possible 
sampling bias resulting from the pooling of the 
male and female individuals compromises these 
results. Data from Townsend and Brown 
(1979b), Freedman and Lofgren (1981), Smith et 
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al. (1981)  and Brown (1987a), while highlighting 
the variation within Australia, are insufficient to 
demonstrate the presence of a clinal distribution 
for tooth size. A greater amount of sexed 
regional data are needed, especially since 
Townsend and Brown (1978b) have demon­
strated that there is a larger environmental 
component in tooth size than was previously 
suspected. 

The post-Pleistocene reduction in the size and 
robusticity of Murray Valley crania and their 
associated dentitions is unlikely to be the result 
of gene flow into Australia during the Holocene. 
Genetic (Simmons 1976; Keats 1977; Kirk 1981; 
Serjeantson 1985) and linguistic data (Dixson 
1980; Tryon 1985) combined with technological 
information from archaeological sites (White and 
O'Connell 1982) emphasise the uniqueness of 
Australian Aboriginal people in terms of other 
populations in the Pacific and Asia. Similarly 
Aboriginal skeletal materials recovered from 
both terminal Pleistocene and recent sites show a 
continuity in anatomical detail which is identi­
fiably Australian (Thome and Macumber 1972; 
Brown 1987a). With the exception of the intro­
duction of the dingo, Canis familiaris, between 
4000 and 3000 years BP (Gollan 1984), and 
cultural and genetic evidence of limited contact 
with Indonesian fishermen and Torres Strait 
Islanders (Kirk 1981), for much of its human 
history Australia has been an isolated place. 
Where indisputable evidence of genetic, or 
cultural, contact with populations outside 
Australia is present, it is confined to the extreme 
north of the continent. 

Many living species exhibit clinal geographic 
variation, systematic changes in size, form, or 
other attributes along gradients in the environ­
ment. The most commonly applied explanations 
of these dines are based on the 19th century bio­
climatic rules of Bergmann (1847) and Allen 
(1877). Bergmann's Rule relies on the observa­
tion that the body size of homeothermic species 
increases with decreasing mean annual 
temperature (or increasing latitude) and that this 
is a common feature of the pattern of variation in 
many modem mammals and birds (Mayr 1963).  
Allen's Rule predicts that the length of the 
extremities will be less in colder environments. 
The generalisations involved in Bergmann's Rule, 
in particular, have evoked considerable debate. 
The first detailed criticism was by Scholander 
(1955) who argued that many species did not 
follow Bergmann's Rule and of those that did 
their clinal increases in body weight were not 
necessarily physiologically important. 

Although many species with extensive 

geographic distributions display an inverse 
relationship between body size and environ­
mental temperature (Newman 1953; Rosenzweig 
1968; Brown and Lee 1969; Peters 1983) the 
explanation of this relationship is in dispute. The 
accepted explanation rests on the observation 
that larger animals, with their smaller surface-to­
volume ratios, lose less heat per gram of body 
weight to the environment than smaller co­
species (Gordon et al. 1977). Consequently, the 
larger members of a given species are thought to 
be better adapted to cold climates. At a general 
level difficulties are presented by the behavioural 
and physiological mechanisms employed by 
many homeotherms as a method of thermo­
regulatory adjustment. 

There are a variety of alternative explanations 
for Bergmann's observations. Beginning with the 
most unusual, Klopfer (1962) argued that large 
size was associated with increased learning 
capacity. Assuming that environmental stability 
is inversely related to latitude, he points out the 
probable need for increased organismic flexi­
bility, hence, learning power, in animals farther 
and farther from the equator. Animals get larger 
to be smarter! Alternative explanations are that 
body size increases due to particular reproduc­
tive and developmental strategies, for instance 
seasonality, gestation times and K selection 
(Peters 1983; Murphy 1985), in response to 
decreasing interspecific competition and prey 
size (McNab 1971), and home range size, pop­
ulation density and environmental productivity 
(Rosenzweig 1968; Peters and Raelson 1984).  

Recently Yom-Tov and Nix (1986) examined 
the climatological correlates for body size in five 
species of Australian mammals (brushtail 
possum, eastern and western grey kangaroo, 
echidna and red kangaroo). They concluded that 
all five species show trends in body size that 
conform with Bergmann's Rule, individuals from 
colder environments were larger than those from 
warmer areas. The eastern and western grey 
kangaroo also conformed with Allen's Rule, the 
relative size of their extremities being larger in 
warmer areas. However, there was a difficulty in 
that in four of the five species (not the red 
kangaroo) body size is also correlated with 
indices of biomass productivity. As biomass 
productivity and ambient temperature are 
related to some extent, it is difficult to separate 
the effects of these factors. 

There have been several surveys of the corre­
lation between general body form, head size and 
climate in living humans, with world surveys by 
Schreider (1964, 1975), Roberts (1978) and Coon 
(1982), and continental surveys by Newman 



(1953), Schreider (1963), Hiernaux (1968) and 
Crognier (1981 ). Indeed the 'demonstration that . 
species-wide variation in the human body corre­
lates with environmental factors is one of the 
clear achievements of physical anthropology in 
this century' (Carey and Steegman 1981 :313). 
Overall, Bergmann and Allen's Rules appear to 
predict the geographic distribution of human 
body proportions with a high degree of accuracy. 
Anthropometric traits with apparent thermo­
regulatory associations include head shape and 
endocranial volume (Coon 1955; Beals 1972; Beals 
et al. 1983, 1984); body build and weight (Roberts 
1953; Crognier 1981; Coon 1982), cranial size 
(Guglielmino-Matessi et al. 1979) and nose shape 
and facial form (Wolpoff 1968; Steegman 1970; 
Carey and Steegman 1981).  Macho and 
Freedman (1987:53-54) found that the overall 
temperature range of the coldest month (July) is 
an important determining factor in Aboriginal 
morphology. Features which they found were 
most influenced by climatic conditions were 
interorbital breadth and nose shape. 

The results of some of this research can be 
briefly summarised as follows. An increase in 
mean annual temperature, or in the means of the 
coldest and hottest months are related to a 
decrease in general body size. Cephalic 
measurements are also negatively related with 
temperature and positively with precipitation. 
Head breadth is greater in cold and/ or wet 
places and smaller in hot and/ or dry places. 
Morphological facial height and bizygomatic 
breadth both increase where temperature is 
lower and where rainfall is abundant. Low 
profile, relatively wide noses are found where 
seasonal absolute humidity is high and pro­
trusive, relatively narrow ones where the air 
contains little moisture. Applying these data to 
the morphological and metrical features which 
distinguish the Barham skeletons from those at 
Coobool Creek and Kow Swamp (smaller body 
size, smaller crania with a lower cephalic index, 
and reduced cranial breadth, facial height and 
bizygomatic breadth) you would predict that the 
Barham people were better adapted to higher 
temperatures and reduced humidity. 

If selection is favouring a reduction in the size 
of the body, cranium and oro-facial skeleton, as 
part of a long-term thermoregulatory adjustment, 
this may ultimately influence tooth size. In an 
extension of Sofaer's (1973) developmental field 
argument I have argued (Brown 1987a:62) that 
where selection is favouring the evolution of a 
smaller oro-facial skeleton, large teeth, if present, 
may have difficulty moving into normal 
occlusion. This in turn could influence physio-
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logical function and the general health of the 
masticatory system. Under these conditions 
selection should, therefore, favour a slight 
reduction in tooth size to form a balanced 
occlusion. Alternatively, the post-Pleistocene 
reduction in the size of the oro-facial skeleton 
and teeth in the Murray Valley specimens may be 
more directly linked to the patterns of scaling 
between body weight, stature and tooth size 
(length, breadth and area) reported by Wolpoff 
(1985b) for Aborigines from Yuendumu. Either 
way the driving force behind a reduction in tooth 
size (either positive selection for smaller teeth or 
a reduced body size) is unlikely to have been 
changes in food preparation technology and 
masticatory function. 

For archaeologists in search of a more anthro­
pologically palatable story an alternative expla­
nation may be provided by a connection between 
increasing population density and body size 
reduction. One of the principal disadvantages of 
large body size is that it requires more matter 
and energy per individual, per unit time, than a 
smaller one (Gordon et al. 1977). If the demand 
for calories slightly exceeds supply then 
individuals may not achieve their genetic 
potential for body mass and stature. Recently, 
Lourandos (1983) and Ross (1985) have argued 
for increasing population density, increasing 
social complexity and more intense use of 
resources by Aboriginal communities in south­
eastern Australia during the middle to late 
Holocene. Ross concludes that this 'increase 
seems to have begun around 4000 BP, but does 
not peak until closer to 2500-2000 BP' (1985:87). 
The archaeological evidence for intensification, 
and the way it should be interpreted, have been 
the subject of some debate (Beaton 1985; 
Lourandos 1985). Pardoe (1988) argues that 
added support for the mid-Holocene intensifica­
tion hypothesis is provided by the distribution of 
cemeteries in the Murray Valley corridor, where 
he suggests an increase in grave density through 
time. However, the extended use of the 
cemeteries at Kow Swamp and Roonka, com­
bined with the large number of burials collected 
at Coobool Creek, undermine the conclusions 
that Pardoe draws from his data (1988:Fig.2). 

Irrespective of whether this proposed middle 
to late Holocene change in population structure 
has a basis in historical fact it would appear to be 
unrelated to the post-Pleistocene reduction · in 
skeletal and dental mass. Comparisons between 
the terminal Pleistoeene skeletal materials from 
Kow Swamp and Coobool Creek with the mid­
Holocene groups from Barham and Roonka make 
it clear that the major period of structural reduc-



176 

tion was prior to 7000 years BP. The skeletal and 
dental materials from both Roonka and Barham 
are morphologically and metrically indistin­
guishable from late-Holocene samples. At 
Roonka there is some evidence to suggest an 
increasing use of the cemetery after 4000 years BP 
(Pretty 1977), but there is no detectable change in 
skeletal and dental size and morphology (Smith 
et al. 1988), or the frequency of trauma and 
disease, in the period between 7000 years and the 
European contact period. If the frequency of 
osteological trauma (depressed fractures on the 
cranial vault, 'shield' fractures of the radius and 
ulna, and so forth) is any indication of increasing 
population density, competition for limited 
resources, and a breakdown in social fabric, then 
there appears to have been no consistent change 
in the Murray Valley region in the post­
Pleistocene period. 

To what extent the Coobool Creek and Kow 
Swamp morphological and metrical matrix 
(excluding those features associated with cranial 
deformation) is restricted to the Murray Valley 
region, or representative of greater Australia, 
during the terminal Pleistocene is unknown. 
With the exception of the Talgai cranium (Smith 
1918), and the isolated incisor tooth from Devil's 
Lair (Davies 1968), all of the recorded terminal 
Pleistocene human skeletal remains come from 
the southeastern corner of the continent. All of 
the male crania in this group (Cohuna, Keilor, 
LMIII and Mossgiel) are of relatively large size, 
with thickened cranial vaults and an oro-facial 
morphology which is consistent with Coobool 
Creek and Kow Swamp (Brown 1987a). The 
single exception is the female cremation LMI 
which combines a relatively delicate build with 
small size (Thorne 1976) .  
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APPENDIX 1 

COOBOOL CREEK RAW DATA FILE 

VARIABLE LIST 

The raw data file contains information on the individual specimen numbers and the dimensions for 
the cranial, mandibular and dental variables. Missing data are signified by (.) and blank spaces by (-). 
There are 100 variables, the majority allocated five to a line. To assist in the identification of indivi­
dual specimens each line begins with a case number. The variables are listed in the following order: 

Case n. 1 2 3 4 5 
Case n. 6 7 8 9 10 
Case n. 1 1  12 13  14  15  
Case n. 16  17  18 19 20 
Case n. 21 22 23 24 25 
Case n. 26 27 28 29 30 
Case n. 31 32 33 34 35 
Case n. 36 37 38 39 40 
Case n. 41 42 43 44 45 
Case n. 46 47 48 49 50 
Case n. 51 52 53 54 55 
Case n. 56 57 58 59 
Case n. 60 61 62 
Case n. 63 64 65 66 67 
Case n. 68 69 70 71 72 
Case n. 73 74 75 76 77 
Case n. 78 79 80 81 82 
Case n. 83 84 85 86 87 
Case n. 88 89 90 91 
Case n. 92 93 
Case n. 94 95 96 97 98 
Case n. 99 100 

VARIABLE NUMBERS AND VARIABLE NAMES 

Cranial variables 

1 .  Series number 
2. Sex (1  = male, 2 = female) 
3. Specimen number 
4. Bi parietal 
5. Glabella-opisthocranion 
6. Glabella-lambda 
7. Basion-bregma 
8. Basion-nasion 
9. Basion-nasospinale 
10. Basion-prosthion 
1 1 .  Basion-lambda 
12.  Basion-inion 
13. Biauriculare 
14. Biasterion 
15.  Bifrontosphenoid 
16. Glabella-bregma 
17. Nasion-bregma 
18.  Metopion height 
19 .  Frontal curvature index 



20. Supraorbital breadth 
21 .  Postorbital constriction 
22. Minimum distance between temporal 

lines on frontal bone 
23. Minimum distance between temporal 

lines on parietal bones 
24. Bizygion 
25. Bizygomaxillare 
26. Bistephanion 
27. Bistenionic 
28. Opisthion-inion 
29. Opisthion-lambda 
30. Opisthion-asterion 
31 .  Opisthion-glabella 
32. Basion-sphenobasion 
33. Basion-asterion 
34. Basion-mastoidale 
35. Basion-staphylion 
36. Bregma-lambda 
37. Parietal subtense height 
38. Bregma-subtense 
39. Parietal curvature index 
40. Lambda-inion 
41 . Lambda-asterion 
42. Occipital subtense height 
43. Lambda-subtense 
44. Occipital curvature index 
45. Nasion-nasospinale 
46. Nasion-prosthion 
47. Nasospinale-prosthion 
48. Nasal breadth 
49. Orbital height 
50. Orbital breadth 
51 .  Biectoconchion 
52. Alveolar length 
53. Alveolar breadth 
54. Bicanine breadth 
55. Palate index 
56. Mastoid length 
57. Frontal arc 
58. Parietal arc 
59. Occipital arc 

Buccolingual dimensions of maxillary teeth 

60. 11 
61 . 12 
62. c 
63. Pl  
64. P2 
65. Ml 
66. M2 
67. M3 

Mandibular dimensions 

68. Symphyseal height 
69. Symphyseal thickness 
70. Corpus height (Ml-M2) 
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71 . Corpus height (M2-M3) 
72. Bicondylar breadth 
73. Bigonial breadth 
74. Mandibular length 
75. Ramus height 
76. Maximum ramus breadth 
77. Minimum ramus breadth 
78. Dental arch breadth 

Buccolingual dimensions of mandibular teeth 

79. I1 
80. 12 
81 .  c 
82. Pl 
83. P2 
84. Ml 
85. M2 
86. M3 

Additional cranial dimensions and indices 

87. Auriculare-bregma 
88. Auriculare-nasion 
89. Auriculare-nasospinale 
90. Auriculare-prosthion 
91 .  Auriculare-zygomaxillare 
92. Auriculare-lambda 
93. Auriculare-inion 
94. Auriculare-opisthion 
95. Auriculare-basion 
96. Auriculare-glabella 
97. Gnathic index 
98. Cranial module 
99. Nasal index 
100. Orbital index 

DATA FILE 

Case 1 5.000 
Case 1 186.000 
Case 1 122.000 
Case 1 1 13 .000 
Case 1 98.000 
Case 1 1 1 7.000 
Case 1 141 .000 
Case 1 1 15.000 
Case 1 91 .000 
Case 1 
Case 1 104.000 
Case 1 28.000 
Case 1 
Case 1 
Case 1 37.000 
Case 1 108.000 
Case 1 70.000 
Case 1 
Case 1 
Case 1 

1 .000 
141 .000 
79.000 

114.000 
98.000 
67.000 
21 .000 
21 .000 
29.000 

130.000 

15.000 
104.000 

77.000 

50010.000 
104.000 
120.000 
25.000 

45.000 
81 .000 
61 .000 
47.000 
29.000 

131 .000 

34.000 
65.000 
6.700 

123.000 

136.000 193.000 
97.000 

112.000 109.000 
21 .900 1 12.000 

98.000 
102.000 67.000 
55.000 49.000 
18.300 72.000 
28.431 51 .000 
31 .000 44.000 

123.000 

13.300 
15.000 129.000 
46.000 35.000 

1 12.000 1 18.000 
101 .000 74.000 
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Case 1 63.000 53.000 1 17.000 156.667 
Case 1 56.863 70.455 

Case 2 5.000 1 .000 50005.000 144.000 207.000 
Case 2 207.000 153.000 109.000 
Case 2 125 .000 79.000 128.000 1 1 1 .000 
Case 2 128.000 131 .000 25.000 19.100 122.000 
Case 2 107.000 92.000 150.000 107.000 
Case 2 98.000 76.000 47.000 99.000 65.000 
Case 2 151 .000 26.000 79.000 55.000 
Case 2 129.000 27.000 70.000 20.900 66.000 
Case 2 90.000 
Case 2 34.000 42.000 
Case 2 1 12.000 
Case 2 34.000 1 12.000 148.000 143.000 
Case 2 
Case 2 
Case 2 
Case 2 53.000 4 1 .000 
Case 2 
Case 2 
Case 2 1 1 7.000 
Case 2 82.000 132.000 102.000 79.000 
Case 2 68.000 56.000 126.000 168.000 
Case 2 80.952 

Case 3 5.000 1 .000 50008.000 134.000 185.000 
Case 3 181 .000 146.000 100.000 
Case 3 1 18.000 78.000 125.000 109.000 
Case 3 1 14.000 118.000 28.000 23.700 1 15.000 
Case 3 103.000 103.000 
Case 3 1 10.000 67.000 44.000 98.000 63.000 
Case 3 144.000 24.000 77.000 55.000 
Case 3 121 .000 24.000 57.000 19.800 60.000 
Case 3 81 .000 26.000 46.000 26.531 
Case 3 
Case 3 
Case 3 28.000 135.000 133.000 115 .000 
Case 3 9 .100 
Case 3 10.900 14.100 15.100 13 .400 
Case 3 38.000 14.000 30.000 15.000 
Case 3 61 .000 43.000 34 .000 
Case 3 
Case 3 9.900 12.600 12.300 12.400 
Case 3 109.000 
Case 3 1 18.000 98.000 80.000 
Case 3 70.000 45.000 1 17.000 155.000 
Case 3 

Case 4 5.000 1 .000 50013.000 133.000 190.000 
Case 4 184.000 134.000 105.000 109.000 1 14 .000 
Case 4 1 15 .000 73.000 130.000 108.000 100.000 
Case 4 1 13.000 116.000 23.000 19.800 1 12.000 
Case 4 94.000 85.000 
Case 4 96.000 71 .000 40.000 96.000 62.000 
Case 4 148.000 25.000 74.000 52.000 57.000 
Case 4 1 10.000 22.000 55.000 20.000 65.000 
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Case 4 86.000 27.000 S3.000 28 .12S S3.000 
Case 4 70.000 1 7.000 31 .000 30.000 42.000 
Case 4 63 .000 73.000 49.000 4S.990 
Case 4 30.000 130.000 123.000 113 .000 
Case 4 
Case 4 10.600 10.400 13.200 12.700 12.400 
Case 4 36.000 19.000 33.000 1 7.000 121 .000 
Case 4 107.000 69.000 47.000 39.000 
Case 4 6S.OOO 
Case 4 1 1 .800 12.800 
Case 4 1 1 1 .000 125 .000 
Case 4 132.000 77.000 124.000 101 .000 82.000 
Case 4 68.000 S3.000 1 19 .000 108.571 1S2.333 
Case 4 S8.491 71 .429 

Case s S.000 1 .000 50016.000 136.000 188.000 
Case s 183.000 138.000 106.000 103.000 1 1 1 .000 
Case s 123.000 76.000 128.000 1 14 .000 1 10.000 
Case s 1 13 .000 11S .OOO 21 .000 18.200 1 14.000 
Case s 97.000 92.000 104.000 
Case s 106.000 79.000 4S.OOO 1 10.000 70.000 
Case s 148.000 20.000 82.000 S7.000 48.000 
Case s 107.000 18.000 61 .000 16.800 7S.OOO 
Case S 90.000 29.000 60.000 26.364 S7.000 
Case s 78.000 21 .000 32.000 29.000 42.000 
Case s lOS .000 68.000 74.000 Sl .000 S0.320 
Case s 32.000 128.000 1 17.000 127.000 
Case s 8. 100 7.600 10.000 
Case s 1 0.700 1 1 .000 13.800 14.600 13 .800 
Case s 4S.OOO lS.000 38.000 lS.000 129.000 
Case s 1 14.000 120.000 S8.000 38.000 
Case s 64.000 6.900 6.400 9 .400 9 .600 
Case s 10.400 13.200 12.500 
Case s 1 18.000 124.000 
Case s 13S.OOO 77.000 120.000 9S.OOO 80.000 
Case s 70.000 SO.OOO 123.000 104.71 7  154.000 
Case s S6.140 69.048 

Case 6 S.000 1 .000 S0028.000 133.000 202.000 
Case 6 199.000 139.000 1 1 1 .000 109.000 120.000 
Case 6 1 18.000 80.000 128.000 1 14 .000 100.000 
Case 6 121 .000 124.000 29.000 23.400 1 18.000 
Case 6 99.000 9S.OOO 14S.OOO 109.000 
Case 6 106.000 74.000 47.000 98.000 6S.OOO 
Case 6 lS0.000 25.000 80.000 S4.000 
Case 6 124.000 26.000 65.000 20.900 66.000 
Case 6 89.000 32.000 54 .000 32.653 51 .000 
Case 6 75.000 24.000 31 .000 28.000 44.000 
Case 6 1 12.000 69.000 76.000 S3.000 52.440 

Case 6 29.000 142.000 137.000 120.000 
Case 6 8.500 10.600 

Case 6 1 1 .800 1 1 .700 14.100 · 15 .300 14.400 

Case 6 43.000 18.000 34.000 1 7.000 13S.OOO 

Case 6 1 13.000 116.000 61 .000 S2.000 42.000 
Case 6 65.000 7.100 7.500 9 .800 10.000 
Case 6 10.600 12.400 1 1 .400 
Case 6 1 19.000 125.000 
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Case 6 138.000 81 .000 127.000 105.000 79.000 
Case 6 67.000 55.000 124.000 108.108 158.000 
Case 6 60.784 63.636 

Case 7 5.000 1 .000 50029.000 137.000 201 .000 
Case 7 198.000 145.000 106.000 100.000 106.000 
Case 7 129.000 79.000 124.000 109 .000 107.000 
Case 7 120.000 123.000 23.000 18.700 1 16.000 
Case 7 96.000 96.000 141 .000 102.000 
Case 7 102.000 70.000 40.000 105.000 68.000 
Case 7 151 .000 22.000 86.000 55.000 46.000 
Case 7 127.000 27.000 60.000 21.200 77.000 
Case 7 86.000 31 .000 54.000 29.524 56.000 
Case 7 76.000 20.000 27.000 31 .000 42.000 
Case 7 106.000 61 .000 71 .000 42.000 43.310 
Case 7 34.000 137.000 140.000 125.000 
Case 7 6.900 8.700 
Case 7 10.700 10.200 13.000 13.100 13.000 
Case 7 38.000 16.000 35.000 13.000 1 1 1 .000 
Case 7 120.000 118.000 61 .000 49.000 38.000 
Case 7 65.000 8.200 8.600 
Case 7 12.100 1 1 .800 1 1 .300 
Case 7 1 12.000 122.000 
Case 7 130.000 76.000 130.000 100.000 84.000 
Case 7 70.000 62.000 1 18.000 100.000 161 .000 
Case 7 48.214 73.810 

Case 8 5.000 1 .000 50032.000 
Case 8 
Case 8 
Case 8 
Case 8 
Case 8 
Case 8 
Case 8 
Case 8 
Case 8 
Case 8 
Case 8 
Case 8 
Case 8 
Case 8 41 .000 17.000 37.000 14.000 
Case 8 34.000 
Case 8 7.600 9.800 10.700 
Case 8 1 1 .000 13.200 13.100 12.700 
Case 8 
Case 8 
Case 8 
Case 8 

Case 9 5.000 1 .000 50037.000 140 .000 198.000 
Case 9 198.000 141 .000 106.000 105.000 1 12.000 
Case 9 127.000 92.000 120.000 1 1 1 .000 
Case 9 1 15.000 118 .000 23.000 19.500 1 18.000 
Case 9 98.000 99.000 148.000 96.000 
Case 9 108.000 75.000 55.000 101 .000 68.000 
Case 9 150.000 24.000 86.000 56.000 SO.OOO 
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Case 9 
Case 9 
Case 9 
Case 9 
Case 9 
Case 9 
Case 9 
Case 9 
Case 9 
Case 9 
Case 9 
Case 9 
Case 9 
Case 9 
Case 9 

Case 10 
Case 10 
Case 10 
Case 10 
Case 10 
Case 10 
Case 10 
Case 10 
Case 10 
Case 10 
Case 10 
Case 10 
Case 10 
Case 10 
Case 10 
Case 10 
Case 10 
Case 10 
Case 10 
Case 10 
Case 10 
Case 10 

Case 11  
Case 1 1  
Case 1 1  
Case 1 1  
Case 1 1  
Case 1 1  
Case 1 1  
Case 1 1  
Case 1 1  
Case 1 1  
Case 1 1  
Case 1 1  
Case 1 1  
Case 1 1  
Case 1 1  
Case 1 1  
Case 1 1  
Case 1 1  

124.000 
96.000 
78.000 

1 14 .000 
31 .000 

1 1 .000 

134 .000 
69.000 
55.769 

5.000 
197.000 
129.000 
1 1 7.000 

97.000 
107.000 
143.000 
125.000 

89.000 
76.000 

106.000 
35.000 

10.700 

130.000 
68.000 
53.846 

5 .000 
193.000 
120.000 
1 16.000 
100.000 
104.000 
151 .000 
126.000 

83.000 
77.000 

1 10.000 
30.000 

1 1 .400 
39.000 

101 .000 
61 .000 

9.800 

24.000 
33.000 
26.000 
66.000 

131 .000 

10.800 

81 .000 
51 .000 
72.727 

1 .000 
140.000 

71 .000 
1 19.000 

97.000 
76.000 
21 .000 
29.000 
24.000 
24.000 
63.000 

129.000 

10.200 

74.000 
49.000 
68.889 

1 .000 
145.000 

74.000 
120.000 

99.000 
70.000 
23.000 
28.000 
28.000 
19.000 
67.000 

136.000 

11 .400 
15.000 

1 1 7.000 

13.000 

64.000 19.400 65.000 
54.000 32.673 52.000 
29.000 32.000 44.000 
72.000 47.000 47.520 

140.000 122.000 
8.000 7.600 9.900 

12.800 12.700 

1 1 7.000 124.000 
130.000 109.000 78.000 
123.000 105.660 159.667 

50041 .000 143.000 200.000 
104.000 100.000 107.000 
125.000 105.000 106.000 

17.000 14.300 1 14.000 

39.000 105.000 64.000 
79.000 54.000 50.000 
62.000 23.200 75.000 
61 .000 22.857 52.000 
28.000 31 .000 45.000 
73.000 47.000 45.990 

142.000 120.000 
7.500 9.800 

12.800 13.400 10.800 

1 15 .000 120.000 
129.000 94.000 76.000 
120.000 102.885 161 .000 

50045.000 141 .000 198.000 
109.000 104.000 1 12.000 
124.000 1 14.000 101 .000 

26.000 21 .700 1 17.000 
94.000 

42.000 100.000 66.000 
83.000 56.000 53.000 
69.000 22.200 67.000 
54.000 28.000 59.000 
28.000 35.000 48.000 
67.000 45.000 44 .890 

143.000 1 19.000 
8.700 · 8.400 9.300 

14.100 14. 100 12.000 
35.000 15.000 126.000 
60.000 48.000 38.000 

9.000 10.200 
12 .300 10.200 



Case 1 1  
Case 1 1  
Case 1 1  
Case 1 1  

Case 1 2  
Case 1 2  
Case 12 
Case 12 
Case 12 
Case 12 
Case 12 
Case 12 
Case 12 
Case 12 
Case 12 
Case 12 
Case 12 
Case 12 
Case 12 
Case 12 
Case 12 
Case 12 
Case 12 
Case 12 
Case 12 
Case 12 

Case 13 
Case 13 
Case 13 
Case 13 
Case 13 
Case 13 
Case 13 
Case 13 
Case 13 
Case 13 
Case 13 
Case 13 
Case 13 
Case 13 
Case 13 
Case 13 
Case 13 
Case 13 
Case 13 
Case 13 
Case 13 
Case 13 

Case 14 
Case 14 
Case 14 
Case 14 
Case 14 
Case 14 

132.000 
67.000 
47.458 

5 .000 
187.000 
1 17.000 
1 10.000 
102.000 
106.000 
146.000 
1 18 .000 

79.000 
78.000 

33.000 

1 1 .100 
41 .000 

122.000 
70.000 
10.100 

137.000 
66.000 
52.632 

5 .000 
201 .000 
142.000 
124.000 
106.000 
1 13.000 
142.000 
125.000 
100.000 

75.000 
1 1 1 .000 

36.000 

38.000 
1 17.000 

65.000 
10.700 

131 .000 
72.000 
52.727 

5.000 
194.000 
129.000 
126.000 

88.000 
87.000 

73.000 
59.000 
72.91 7 

1 .000 
136.000 

80.000 
1 15.000 

90.000 
72.000 
20.000 
24.000 
30.000 
21 .000 
68.000 

135.000 

10.700 
20.000 

1 15.000 

12.900 

85.000 
55.000 

1 .000 
151 .000 

78.000 
127.000 
106.000 

73.000 
26.000 
25.000 
31 .000 
20.000 
66.000 

139.000 

16.000 
124.000 

13.300 

74.000 
61 .000 
68.182 

1 .000 
149.000 

85.000 
129.000 

76.000 
73.000 
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1 17.000 122.000 
125.000 99.000 78.000 
122.000 102.752 161 .333 

50046.000 133.000 190.000 
102.000 101 .000 1 10.000 
125.000 103.000 107.000 

26.000 22.600 

50.000 101 .000 64.000 
80.000 54.000 46.000 
62.000 20.300 64.000 
52.000 29.703 57.000 
30.000 35.000 
75.000 49.000 51 .000 

131 .000 122.000 
8.200 7.800 10.200 

13.300 14.000 13 .500 
32.000 15.000 
62.000 33 .000 

9.700 
12.800 12.600 

1 16.000 126.000 
1 19.000 98.000 76.000 
126.000 107.843 153.000 

50049.000 142.000 203.000 
100.000 99.000 108.000 
130.000 1 14.000 1 12.000 

21 .000 16.500 120.000 
143.000 109.000 

43.000 120.000 71 .000 
87.000 55.000 
62.000 20.000 91 .000 
65.000 25.833 55.000 
29.000 30.000 44 .000 
72.000 46.000 47.520 

138.000 142.000 
8.000 9.800 

14.100 14.600 13.600 
35.000 15.000 
60.000 43.000 34.000 

7.400 9.300 10.600 
12.700 12.500 

1 10.000 120.000 
144.000 106.000 83.000 
115 .000 108.000 165.333 

50065.000 136.000 195.000 
102.000 101 .000 105.000 
127.000 106.000 1 12.000 

16.000 12.400 1 12.000 
103.000 

47.000 102.000 68.000 
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Case 14 149.000 24.000 84.000 57.000 
Case 14 121 .000 28.000 72.000 23 .400 60.000 
Case 14 86.000 20.000 46.000 19.608 57.000 
Case 14 74.000 17.000 30.000 33.000 42.000 
Case 14 108 .000 62.000 73.000 52.000 45.260 
Case 14 30.000 141 .000 140.000 1 1 1 .000 
Case 14 
Case 14 13.300 
Case 14 39.000 18.000 32.000 1 7.000 130.000 
Case 14 1 15.000 61 .000 50.000 39.000 
Case 14 68.000 6.400 9 .100 9 .900 
Case 14 1 1 .100 
Case 14 1 12.000 124.000 
Case 14 131 .000 78.000 127.000 100.000 80.000 
Case 14 70.000 63.000 1 16.000 102.941 160.000 
Case 14 52.632 78.571 

Case 15 5 .000 1 .000 50066.000 137.000 196.000 
Case 15 192.000 139.000 104.000 103.000 109.000 
Case 15 121 .000 78.000 125.000 1 13.000 104.000 
Case 15 124 .000 128.000 20.000 15.600 109.000 
Case 15 87.000 85.000 99.000 
Case 15 96.000 71 .000 43.000 96.000 65.000 
Case 15 145.000 24.000 81 .000 52.000 51 .000 
Case 15 1 19 .000 26.000 60.000 21 .900 63.000 
Case 15 86.000 29.000 50.000 30.208 50.000 
Case 15 70.000 20.000 29.000 32.000 44.000 
Case 15 108.000 61 .000 68.000 48.000 41 .480 
Case 15 27.000 140.000 133.000 1 15.000 
Case 15 8.500 7.400 
Case 15 
Case 15 36.000 17.000 33.000 14.000 
Case 15 1 16.000 34.000 
Case 15 69.000 9 .100 9.100 
Case 15 9 .200 12.100 
Case 15 1 1 1 .000 119.000 
Case 15 128.000 74.000 127.000 103.000 79.000 
Case 15 68.000 57.000 1 1 7.000 104.808 157.333 
Case 15 58.000 72.727 

Case 16 5.000 1 .000 50071 .000 141 .000 194.000 

Case 16 192.000 140.000 1 10.000 100.000 108.000 

Case 16 1 18.000 79.000 129.000 1 13.000 1 14 .000 

Case 16 1 15.000 1 18.000 25.000 21 .200 121 .000 

Case 16 1 06.000 98.000 103.000 

Case 16 1 1 1 .000 75.000 43.000 95.000 64.000 

Case 16 156.000 21 .000 65.000 54.000 
Case 16 1 19.000 26.000 59.000 21 .900 64.000 

Case 16 88.000 28.000 55.000 29.474 59.000 

Case 16 76.000 17.000 29.000 33.000 48.000 

Case 16 1 13.000 66.000 83.000 53.000 54.780 

Case 16 32.000 134.000 135.000 1 14.000 

Case 16 
Case 16 1 1 .300 13.600 14.300 14.100 

Case 16 39.000 17.000 33.000 15.000 
Case 16 101 .000 1 15.000 57.000 43.000 32.000 

Case 16 69.000 7.000 9.200 9.000 
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Case 16 9.700 13.000 12.600 12.000 
Case 16 121 .000 124.000 
Case 16 133.000 73.000 122.000 97.000 80.000 
Case 16 70.000 49.000 127.000 98. 182 158.333 
Case 16 49.153 68.750 

Case 17 5.000 1 .000 50040.000 
Case 17  
Case 17 
Case 17  
Case 17 
Case 17 
Case 17 
Case 17 
Case 17 
Case 17  18.000 31 .000 
Case 17  64.000 75.000 48.000 
Case 17  
Case 17 8.400 7.800 9 .400 
Case 17 10.700 1 1 .000 13.600 13.700 13.000 
Case 17 36.000 15.000 31 .000 1 7.000 
Case 17 103.000 34.000 
Case 17 71 .000 7.100 6.900 9.000 9.800 
Case 17 9.700 13.000 12.100 1 1 .200 
Case 17 
Case 17 
Case 17 
Case 17 

Case 18  5.000 1 .000 50035.000 144.000 199.000 
Case 18 194.000 141 .000 104.000 
Case 18 127.000 76.000 132.000 1 13.000 1 14.000 
Case 18 1 13.000 1 19.000 20.000 16.800 122.000 
Case 18 109 .000 109.000 
Case 18 1 19.000 73.000 55.000 102.000 66.000 
Case 18 148.000 25.000 85.000 55.000 
Case 18 124.000 28.000 55.000 22.600 59.000 
Case 18 88.000 29.000 50.000 28.431 
Case 18 
Case 18 
Case 18 34.000 132.000 137.000 120.000 
Case 18 10.000 
Case 18 1 1 .400 
Case 18 37.000 15.000 
Case 18 1 10.000 33.000 
Case 18 7.000 9.600 9.500 
Case 18 9.900 
Case 18 120.000 
Case 18 126.000 95.000 78.000 
Case 18 70.000 62.000 127.000 161 .333 
Case 18 

Case 19 5.000 1 .000 50036.000 138.000 197.000 
Case 19 189.000 142.000 101 .000 101 .000 107.000 
Case 19 128.000 79.000 123.000 1 14.000 107.000 
Case 19 1 17.000 120.000 25.000 20.800 1 12.000 
Case 19 98.000 95.000 139.000 100.000 
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Case 19 106.000 72.000 42.000 108.000 68 .000 
Case 19 146.000 25.000 87.000 51 .000 47.000 
Case 19 1 17.000 24 .000 55.000 20.500 81 .000 
Case 19  89.000 38.000 63.000 35.185 50.000 
Case 19 73.000 24.000 30.000 26.000 43.000 
Case 19 105.000 64.000 73.000 47.000 46.720 
Case 19 29.000 136.000 129.000 135.000 
Case 19 7.800 9.700 
Case 19 10.300 13.500 13.600 13.900 
Case 19 43.000 14.000 35.000 16.000 
Case 19 104.000 121 .000 60.000 45.000 34.000 
Case 19 66.000 8.900 9.800 
Case 19 9 .400 11 .700 
Case 19  1 12.000 126.000 
Case 19  133.000 72.000 122.000 99.000 78.000 
Case 19 69.000 55.000 120.000 105.941 159.000 
Case 19 60.000 60.465 

Case 20 5.000 1 .000 50075.000 136.000 186.000 
Case 20 183.000 135.000 104.000 107.000 1 15.000 
Case 20 1 13 .000 72.000 122.000 1 1 1 .000 107.000 
Case 20 1 18 .000 1 19.000 27.000 22.700 1 13 .000 
Case 20 101 .000 98.000 
Case 20 105.000 73.000 43.000 96.000 69.000 
Case 20 144.000 27.000 82.000 51 .000 56.000 
Case 20 1 12.000 21 .000 59.000 18.800 65.000 
Case 20 77.000 29.000 52.000 30.208 57.000 
Case 20 70.000 13.000 32.000 31 .000 43.000 
Case 20 103.000 66.000 69.000 47.000 45.540 
Case 20 29.000 137.000 120.000 116.000 
Case 20 8 .400 9.300 
Case 20 10.500 12.800 
Case 20 37.000 16.000 32.000 14.000 
Case 20 1 15.000 37.000 
Case 20 62.000 8.700 9 .400 
Case 20 9 .600 
Case 20 1 13.000 124.000 
Case 20 133.000 79.000 120.000 95.000 76.000 
Case 20 66.000 66.000 121 .000 1 10.577 152.333 
Case 20 56.140 72.093 

Case 21 5 .000 1 .000 50076.000 145.000 211 .000 
Case 21 203.000 
Case 21 137.000 129.000 107.000 
Case 21 122.000 124.000 30.000 24.200 129.000 
Case 21 1 10.000 108.000 
Case 21 108.000 64.000 39.000 113.000 72.000 
Case 21 168.000 
Case 21 115.000 19.000 68.000 16.500 87.000 
Case 21 106.000 32.000 54.000 28.319 
Case 21 28.000 42.000 
Case 21 
Case 21 33.000 
Case 21 
Case 21 13.600 
Case 21 43.000 17.000 38.000 21 .000 
Case 21 



Case 21 
Case 21 
Case 21 
Case 21 
Case 21 
Case 21 

Case 22 
Case 22 
Case 22 
Case 22 
Case 22 
Case 22 
Case 22 
Case 22 
Case 22 
Case 22 
Case 22 
Case 22 
Case 22 
Case 22 
Case 22 
Case 22 
Case 22 
Case 22 
Case 22 
Case 22 
Case 22 
Case 22 

Case 23 
Case 23 
Case 23 
Case 23 
Case 23 
Case 23 
Case 23 
Case 23 
Case 23 
Case 23 
Case 23 
Case 23 
Case 23 
Case 23 
Case 23 
Case 23 
Case 23 
Case 23 
Case 23 
Case 23 
Case 23 
Case 23 

Case 24 
Case 24 
Case 24 
Case 24 

70.000 
10.100 

5 .000 
198.000 

125.000 
101 .000 
106.000 
147.000 
120.000 

90.000 
82.000 

1 1 1 .000 
32.000 

1 1 .000 
43.000 

1 19 .000 
64.000 

9.100 

140.000 

50.909 

5.000 
179.000 
1 1 1 .000 
1 13.000 

96.000 
95.000 

145.000 
109.000 

79.000 
72.000 

107.000 
31 .000 

39.000 
102.000 

9.800 

132.000 
63.000 
58.491 

5.000 
184.000 
1 15.000 
1 14.000 

129.000 
53.000 129.000 

1 .000 50082.000 

127.000 
129.000 24.000 

92.000 
68.000 44.000 

26.000 64.000 
27.000 61 .000 
27.000 28.000 
67.000 

143.000 136.000 
7.900 

1 1 .000 13.400 
17.000 37.000 

80.000 137.000 
56.000 1 18.000 
85.714 

1 .000 50023.000 
134.000 104.000 

68.000 1 1 7.000 
1 17.000 27.000 

84.000 
72.000 35.000 
24.000 79.000 
19.000 55.000 
30.000 58.000 
20.000 31 .000 
62.000 70.000 

135.000 1 18.000 
8.600 

14.200 
16.000 

1 1 7.000 58.000 
7.500 

85.000 1 1 1 .000 
45.000 121 .000 
70.213 

1 .000 50051 .000 
135.000 104.000 

76.000 124.000 
1 1 7.000 22.000 
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9.700 9.500 
12.800 

1 19.000 
105.000 89.000 

139.000 200.000 

1 16.000 1 15 .000 
18.600 1 16.000 

136.000 98.000 
109 .000 69.000 

21 .700 75.000 
24.771 55.000 
36.000 42.000 
45.000 

125.000 
7.600 9 .500 

18.000 
40.000 

8.300 9.200 
1 1 .800 

1 1 1 .000 125.000 
104.000 81 .000 

129.000 182.000 
101 .000 108.000 
106.000 104.000 

23.100 1 15.000 
101 .000 

93.000 63.000 
51 .000 
17.400 68.000 
32.258 53.000 
33.000 47.000 
49.000 43.400 

109.000 
8.500 10.400 

14.100 13.100 
13.000 120.000 
50.000 41 .000 

1 1 .800 
1 16.000 123.000 

86.000 71 .000 
103.846 148.333 

137.000 188.000 

1 15.000 1 13.000 
18.800 1 15.000 
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Case 24 93.000 93.000 1 00.000 
Case 24 72.000 44.000 100.000 66.000 
Case 24 143.000 22.000 80.000 56.000 
Case 24 1 16.000 22.000 58.000 18.900 67.000 
Case 24 84.000 30.000 54.000 30.000 
Case 24 28.000 43.000 
Case 24 108.000 62.000 72.000 48.000 44.640 
Case 24 29.000 129.000 128.000 1 19.000 
Case 24 
Case 24 
Case 24 15.000 17.000 
Case 24 33.000 
Case 24 
Case 24 
Case 24 1 16.000 
Case 24 120.000 98.000 77.000 
Case 24 66.000 50.000 122.000 153.333 
Case 24 

Case 25 6.000 2.000 49001 .000 130.000 182.000 
Case 25 182.000 142.000 
Case 25 1 18.000 96.000 98.000 
Case 25 1 13.000 120.000 19.000 15.800 1 10.000 
Case 25 94.000 90.000 92.000 
Case 25 100.000 67.000 
Case 25 
Case 25 1 10.000 28.000 55.000 24.600 55.000 
Case 25 80.000 50.000 
Case 25 69.000 19.000 25.000 34.000 43.000 
Case 25 104.000 57.000 65.000 46.000 37.050 
Case 25 127.000 131 .000 
Case 25 7.900 7.000 9.300 
Case 25 10.500 11 .000 12.600 12.800 12.800 
Case 25 36.000 15.000 30.000 17.000 
Case 25 40.000 
Case 25 62.000 6.100 6.700 8.200 9.600 
Case 25 9 .100 1 1 .700 1 1 .200 1 1 .500 
Case 25 107.000 1 1 7.000 
Case 25 128.000 77.000 120.000 101 .000 
Case 25 46.000 1 10.000 151 .333 
Case 25 50.000 79.070 

Case 26 6.000 2.000 50007.000 135.000 181 .000 
Case 26 1 75.000 127.000 90.000 91 .000 99.000 
Case 26 1 1 1 .000 75.000 124.000 109.000 108.000 
Case 26 1 12.000 1 15.000 29.000 25.200 109.000 
Case 26 1 12.000 103.000 
Case 26 107.000 67.000 45.000 97.000 63.000 
Case 26 130.000 36.000 75.000 49.000 
Case 26 1 13.000 24.000 61 .000 21 .200 62.000 
Case 26 83.000 13.000 13.402 45.000 
Case 26 63.000 18.000 25.000 35.000 46.000 
Case 26 59.000 44.000 
Case 26 28.000 134.000 126.000 1 16.000 
Case 26 7.700 6.800 8.500 
Case 26 9 .800 9 .900 12.100 12.100 10.000 
Case 26 33.000 13.000 28.000 14.000 
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Case 26 87.000 120.000 46.000 40.000 30.000 

Case 26 59.000 6.000 6.300 7.600 8.600 

Case 26 9.200 1 1 .200 10.900 9.800 
Case 26 1 16.000 1 15.000 
Case 26 125.000 73.000 1 1 7.000 93.000 76.000 
Case 26 65.000 48.000 1 10.000 1 10.000 147.667 
Case 26 55.556 76.087 

Case 27 6.000 2.000 50009.000 137.000 189.000 
Case 27 184 .000 143.000 100.000 97.000 104.000 
Case 27 122.000 78.000 128.000 1 13.000 101 .000 
Case 27 1 14.000 1 1 7.000 22.000 18.800 
Case 27 100.000 100.000 
Case 27 109.000 39.000 99.000 65.000 
Case 27 144.000 39.000 80.000 53.000 44.000 
Case 27 121 .000 25.000 55.000 20.600 71 .000 
Case 27 90.000 29.000 50.000 29.293 53.000 
Case 27 69.000 16.000 28.000 33.000 44.000 
Case 27 107.000 60.000 70.000 50.000 42.000 
Case 27 30.000 129.000 135.000 121 .000 
Case 27 7.300 9.200 
Case 27 10.700 10.400 13.500 13.800 13.400 
Case 27 39.000 14.000 32.000 14.000 
Case 27 31 .000 
Case 27 8.200 7.900 
Case 27 9.500 1 1 .900 1 1 .400 
Case 27 109 .000 118 .000 
Case 27 126.000 72.000 128.000 98.000 81 .000 
Case 27 70.000 52.000 1 16.000 104.000 156.333 
Case 27 52.830 75.000 

Case 28 6.000 2.000 50002.000 136.000 195.000 
Case 28 187.000 139.000 100.000 97.000 107.000 
Case 28 1 19.000 8 1 .000 126.000 1 13.000 98.000 
Case 28 109 .000 1 15.000 28.000 24 .300 1 12.000 
Case 28 97.000 97.000 134.000 98.000 
Case 28 109.000 69.000 49.000 102.000 68.000 
Case 28 143.000 34.000 81 .000 56.000 50.000 
Case 28 121 .000 21 .000 62.000 18.200 64.000 
Case 28 84.000 54.000 
Case 28 76.000 21.000 29.000 33.000 44.000 
Case 28 103.000 70.000 67.000 51 .000 46.900 
Case 28 31 .000 135.000 134.000 125.000 
Case 28 8 .800 7.900 9.800 
Case 28 1 1 .300 13.400 13.500 
Case 28 42.000 13.000 34.000 14.000 
Case 28 122.000 61 .000 49.000 37.000 
Case 28 8.900 9.300 
Case 28 9 .300 12 .200 11 .700 
Case 28 1 15.000 127.000 

Case 28 139.000 83 .000 1 19.000 98.000 77.000 
Case 28 67.000 48.000 124.000 107.000 156.667 
Case 28 53.704 75.000 

Case 29 6.000 2.000 50012.000 119 .000 179.000 

Case 29 1 76.000 136.000 98.000 98.000 104.000 

Case 29 123.000 79.000 1 19.000 102.000 99.000 
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Case 29 106.000 109.000 20.000 18.300 108.000 
Case 29 92.000 81 .000 98.000 
Case 29 97.000 68.000 47.000 100.000 65.000 
Case 29 137.000 36.000 65.000 53.000 47.000 
Case 29 1 10.000 24.000 56.000 21 .800 62.000 
Case 29 80.000 26.000 46.000 26.000 54.000 
Case 29 71 .000 17.000 29.000 30.000 42.000 
Case 29 101 .000 60.000 66.000 47.000 39.600 
Case 29 28.000 122.000 123.000 1 15.000 
Case 29 7.500 7.400 8.600 
Case 29 10.100 9.400 12.100 1 1 .300 
Case 29 38.000 15.000 35.000 13.000 
Case 29 109.000 57.000 35.000 
Case 29 57.000 5.900 6.300 7.800 8.800 
Case 29 8 .900 1 1 .100 10.900 10.600 
Case 29 103.000 1 17.000 
Case 29 125.000 70.000 1 19.000 94.000 78.000 
Case 29 68.000 51 .000 1 10.000 106.122 144.667 
Case 29 53.704 71 .429 

Case 30 6.000 2.000 50018.000 135.000 192.000 
Case 30 188.000 147.000 108.000 
Case 30 127.000 75.000 125.000 1 1 1 .000 
Case 30 1 1 1 .000 1 15.000 26.000 22.600 

Case 30 98.000 
Case 30 72.000 35.000 104.000 69.000 
Case 30 150.000 39.000 84.000 58.000 
Case 30 120.000 24.000 66.000 20.000 81 .000 
Case 30 84.000 
Case 30 19.000 32.000 
Case 30 61 .000 65.000 46.000 39.650 
Case 30 25.000 132.000 130.000 122.000 
Case 30 8.400 7.800 9 .200 
Case 30 10.200 9.700 13.900 13 .800 12.700 
Case 30 39.000 15.000 30.000 15.000 
Case 30 37.000 
Case 30 7.400 7.500 8.700 9.000 
Case 30 9.400 12.300 1 1 .600 
Case 30 1 17.000 
Case 30 1 19.000 94.000 79.000 
Case 30 70.000 46.000 123.000 158.000 
Case 30 

Case 31 6.000 2.000 50050.000 138.000 190.000 
Case 31 185.000 135.000 105.000 99.000 105.000 
Case 31 1 19.000 77.000 124.000 1 12.000 100.000 
Case 31 102.000 108.000 21 .000 19 .400 1 13.000 
Case 31 89.000 89.000 137.000 105.000 
Case 31 95.000 70.000 42.000 102.000 69.000 
Case 31 151 .000 40.000 82.000 55.000 46.000 
Case 31 120.000 24.000 60.000 20.000 69.000 
Case 31 84.000 29.000 58.000 · 28.431 50.000 

Case 31 69.000 19.000 28.000 34.000 44.000 

Case 31 107.000 61 .000 72.000 48.000 43.920 

Case 31 26.000 121 .000 133.000 120.000 
Case 31 
Case 31 
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Case 31 33.000 17.000 29.000 15.000 
Case 31 71 .000 45.000 39.000 
Case 31 8.600 8.500 
Case 31 8 .600 11 .700 
Case 31 1 16.000 122.000 
Case 31 129.000 80.000 121 .000 . 97.000 81 .000 
Case 31 69.000 52.000 122.000 100.000 154.333 
Case 31 56.000 77.273 

Case 32 6.000 2.000 50040.000 137.000 1 76.000 
Case 32 171 .000 128.000 97.000 91 .000 99.000 
Case 32 1 14.000 73.000 129.000 1 12.000 102.000 
Case 32 107.000 1 13.000 21 .000 18.600 1 1 1 .000 
Case 32 99.000 99.000 97.000 
Case 32 1 17.000 73.000 46.000 103.000 64.000 
Case 32 138.000 34.000 77.000 54.000 46.000 
Case 32 100.000 16.000 50.000 16.000 69.000 
Case 32 84.000 48.000 
Case 32 65.000 17.000 27.000 32.000 
Case 32 102.000 58.000 66.000 45.000 38.280 
Case 32 26.000 124.000 108.000 123.000 
Case 32 7.700 7.800 8.700 
Case 32 9.200 9 .500 12.300 12.000 1 1 .800 
Case 32 35.000 12.000 30.000 12.000 
Case 32 105.000 108.000 45.000 41 .000 31 .000 
Case 32 63.000 6.100 6.200 8.700 8.900 
Case 32 8.200 12.100 1 1 .500 1 1 .100 
Case 32 109 .000 109.000 
Case 32 1 17.000 66.000 120.000 96.000 66.000 
Case 32 75.000 51 .000 1 1 5.000 102.062 147.000 
Case 32 56.250 

Case 33 6.000 2.000 50047.000 132.000 191 .000 
Case 33 186.000 138.000 103.000 102.000 108.000 
Case 33 127.000 72.000 120.000 1 10.000 95.000 
Case 33 1 15.000 1 18.000 20.000 16.900 109.000 
Case 33 90.000 89.000 105.000 
Case 33 92.000 69.000 40.000 109.000 67.000 
Case 33 143.000 34.000 80.000 54.000 53.000 
Case 33 1 10.000 20.000 55.000 18.200 78.000 
Case 33 62.000 28.000 56.000 25.688 46.000 
Case 33 67.000 21 .000 29.000 31 .000 43.000 
Case 33 105.000 58.000 71 .000 48.000 41 .180 
Case 33 29.000 126.000 120.000 129.000 
Case 33 
Case 33 9.500 12.600 12.900 
Case 33 35.000 15.000 30.000 17.000 
Case 33 1 14.000 107.000 53.000 43.000 34.000 
Case 33 67.000 7.800 8.800 
Case 33 9.100 1 1 .900 11 .600 
Case 33 109 .000 119 .000 
Case 33 129 .000 77.000 128.000 92.000 77.000 
Case 33 67.000 50.000 1 15 .000 104.854 153.667 
Case 33 63.043 72.093 




