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MONOGRAPH ABSTRACT
WLH 50 is the ~26,000 kyr (16.5-37.4 kyr) year-old calotte of a large (1540cc) young-to-middle-aged male found
in dune deposits near Lake Garnpung, one of the Willandra lakes in New South Wales, Australia. Its importance
stems from the significant similarities it appears to have with the nearby and most probably earlier human sample
from Ngandong, Indonesia. Two implications of these similarities are important—the implications for Australian
ancestry and the implications for the place of Ngandong in human evolution. We discuss the historic context for is-
sues of indigenous Australian ancestry and show how WLH 50 informs these issues. We provide both a systematic
and comprehensive description of the WLH 50 fossil in a comparative context, and an interpretation of its place in
human evolution. A comparative analysis of the WLH 50 cranium is important for understanding its morphologi-
cal pattern and addressing its ancestry; in particular, whether there are multiple ancestors for WLH 50 and other
Australians that include Late Pleistocene Indonesians from Ngandong. Besides these anatomical considerations,
the issues of indigenous Australian ancestry also are framed by genetic analysis including both paleogenetics and
observations of mitochondrial and nuclear DNA from modern populations, and we discuss their implications as
well. We conclude that WLH 50 is a normal specimen without evidence of pathology or deformation, and that
elements of its anatomy are found throughout the Australian fossil record, as it is known today. Our compari-
sons reveal WLH 50 has substantial similarities to the Ngandong hominids (but not identity with them) and a
demonstrable pattern of multiple ancestors that includes Ngandong, as part of the network of human evolution

in Australasia.

“WLH 50, an opalised cranium and partial skeleton,
found on a lakeshore to the north of Mungo, is much
more robust and archaic than any Australian hominid
found previously. It makes the Kow Swamp remains
look gracile by comparison. This new specimen greatly
reinforces the regional continuity linking Indonesia and
Australia. The morphological sequence found in Aus-
tralia shows clearly that regional features must be sepa-
rated from grade features seen worldwide in order to
understand the differing patterns of Late Pleistocene hu-
man evolutionary change.” Alan G. Thorne [1939-2012]
(1984).

INTRODUCTION

Discussions of the details of Australian prehistory have

continued for more than a century, and play a key role
in the ongoing understanding of Late Pleistocene and Ho-
locene human evolution across the world. Questions con-
cern how Australians relate to other human populations.
Do Australians have one or several ancestral sources, and
how can the complex pattern of migrations to Australia
be untangled? In this monograph we turn to WLH 50, a
previously undescribed specimen that informs these and
other related issues. WLH 50 is a ~26,000 kyr (16.5-37.4

kyr) calotte of a large (1540cc) young-to-middle-aged male
found in dune deposits near one of the Willandra lakes in
New South Wales, Australia. The overarching issue this
specimen has raised is about its anatomy and the question
of whether and how its anatomy reflects its ancestry. More
than any other Australian fossil, WLH 50 addresses some
of the more general issues prominent in studies of Late
Pleistocene and Holocene human evolution. One of these is
the prevalence of evidence for mixture between seemingly
different hominids, now recognized in studies of human
genetics (Pdabo 2014). Another is the recognition that these
mixing groups had more genetic variation between popu-
lations than is now evident in Homo sapiens (Hawks 2013).
The consequences of these two facts should be evident in
anatomical studies as well as genetic ones, and WLH 50
has the potential to address them. In this regard Australian
prehistory may be seen to resemble European prehistory,
in that the modern Europeans have a complex ancestry in
which different human subspecies (Wolpoff 2009) mixed in
the Pleistocene (Wolpoff et al. 2001).

Australia is one of the most recent regions of the Old
World to be inhabited. It is widely, perhaps universally, ac-
cepted that the human migration or migrations to Australia
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Figure 1. The Pleistocene extent of Sahul and Sunda, with the locations of Late Pleistocene fossil sites. Pleistocene Australia, the major
part of Sahul, shows the locations of most of the fossils discussed here. At no time during the Pleistocene was it possible to reach Aus-
tralia without crossing water (from Pardoe (2006, Figure 1), with permission).

were of modern humans with an established, sophisticat-
ed seafaring technology (O’Connell et al. 2010) based on
bamboo (Birdsell 1977). Once purposeful, albeit sporadic,
movement to the continent began, there is no reason to ex-
pect that it was interrupted for long. Beginning some 50 kyr
ago, the ancestors of recent indigenous Australians began
to cross a biogeographic divide (Wallacea) over gaps, some
of which were as much as (depending on the sea level at the
time) 70km of water, a distance far enough beyond the ho-
rizon that it was not possible to see across to land. The pre-
vailing currents and the absence of suitable, bamboo-like
building materials in Australia assured that the direction of
travel was most likely one-way (Allen and O’Connell 2008;
Westaway and Lambert 2014). Because it was uninhabited,

many consider this Australian colonization as migration
rather than dispersal (Balme 2013).

The deep prehistory of Australian ancestors cannot be
found in Australia. It is in this context that comparisons of
the Late Pleistocene/Holocene fossil record of Australia and
the nearby lands are significant. With its peripheral loca-
tion, isolation by sea (Figure 1), and the likelihood that gene
flow to the continent was limited to the later Pleistocene
and mostly one-way as noted above, Australia has come to
play a unique role in understanding the worldwide pattern
of Pleistocene human evolution, and WLH 50 addresses
key issues of recent indigenous Australian ancestry. Ana-
tomical comparisons and genetic evidence, discussed be-
low, clearly reflect what has long been obvious; Australians
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came from East and Southeast Asia. But what parts of Asia,
and when, have been researched and discussed for more
than a century.

Throughout the 20th century there was a succession of
scientists who contended the source population of Austra-
lian ancestors was Indonesian. The putative Indonesian an-
cestors were first thought to be the Pithecanthropus remains
known from Trinil (later including the Sangiran crania),
and finally settled to be their descendants, represented by
the more recent Ngandong crania. Ngandong is the sample
of potential ancestors nearest to Australia in space, and clos-
est to WLH 50 in time. Yet, it would be fair to say that the
contention that some of the ancestors of Australians were
from Ngandong, or from Ngandong-like populations, has
been and continues to be controversial. The problem cre-
ated by a Ngandong ancestry is that the Ngandong crania
are variously classified as Javanthropous soloensis, Pithecan-
thropus soloensis, Homo soloensis, or as a late-surviving Homo
erectus, but only rarely as Homo sapiens. The implications
assessed for the contention that Ngandong was one of the
ancestors of recent indigenous Australians reflect issues of
race that have plagued paleoanthropology from its begin-
nings (Wolpoff and Caspari 1997).

By virtue of its age and anatomy, we believe WLH 50
is very well positioned to address these and other related
issues of Australian ancestry. We present here the full and
complete details of the anatomical observations and mea-
surements possible on the WLH 50 calotte, and systemati-
cally compare these to the adult crania from Ngandong,
following the pattern of other monographs and long pa-
pers on fossil hominid crania that are both descriptive and
comparative (e.g., Condemi 1992; Frayer et al. 2006; Heim
1976; Sergi 1948; Suzuki 1970; Weidenreich 1943). In doing
so we rely both on the measurements and observations for
WLH 50, the crania from Ngandong and Kow Swamp, and
observations made of the Coobool Creek crania by one of
us (MHW), Weidenreich’s (1951) Ngandong descriptions
and observations, and Holloway’s (1980) cranial capacity
assessments for Ngandong, as well as the sources cited
below. It is our intent to systematically examine the pos-
sibility that Ngandong or a Ngandong-like population is
among the ancestors of WLH 50; we treat this as our null
hypothesis.

We also compare WLH 50 to a selected sample of Aus-
tralian fossils to address the issue of whether its anatomy
reflects pathology, and to what extent its features fall with-
in the range of anatomical variation in Late Pleistocene and
Holocene Australia. With a variety of tests and approaches,
we also compare metric and non-metric aspects of WLH 50
to the sample of earlier African Pleistocene crania, to ex-
amine whether there is a credible case for a unique African
ancestry without Ngandong input.

Finally, we discuss the importance of population ge-
netics and paleogenetics in understanding the sources and
pattern of migrations to Australia. Even though mitochon-
drial and nuclear DNA have not been obtained from WLH
50 or Ngandong, and it unlikely that this will ever be possi-
ble for WLH 50, much is known about the recent and deep

history of the region from genetic analyses and these help
frame the possibilities for WLH 50, Ngandong, and their
relationship.

Paraphrasing the words of Silvana Condemi in intro-
ducing her monograph on the Saccopastore Neandertal
crania (1992), the goal of this monograph is to provide both
a description and an interpretation of the WLH 50 fossil. In
this monograph we ask about the place of WLH 50 in hu-
man evolution, and what the pattern of human evolution
has been that creates such a place for this specimen?

BACKGROUND

Hermann Klaatsch [1863-1916] addressed the pattern of
ancestry in Australia early in the 20th century, proposing
a single lineage interpretation of indigenous Australian
origins (1908a). He linked the recent/living populations of
Australia to the “Pithecanthropus” remains from Trinil, In-
donesia. Of equal importance, Klaatsch stood apart from
most of his colleagues in recognizing that the recent indig-
enous Australian populations were not especially related
to European Neandertals (1908b). Huxley (1863) thought
that Australians were related to Neandertals, and this was
accepted by many of Klaatsch’s contemporaries (Burkitt
and Hunter 1922; Cunningham 1907; and later Jones 1934),
although not by Klaatsch himself. Somewhat later, cogni-
zant of the 1922 publication of additional discoveries by
Eugene Dubois [1858-1955], Sir Arthur Keith [1866-1955]
proposed an interpretation of Australian ancestry similar
to Klaatsch’s earlier position, but adding other key speci-
mens such as Ngandong. He imbedded the interpretation
in a broader scheme of human evolution (1936).

By 1946, Earnest A. Hooton [1887-1954] was depict-
ing recent indigenous Australian ancestry in a similar but
even more complex manner in his influential textbook Up
from the Ape (1946: 413, Figure 71). He showed a line of de-
scent from “Pithecanthropus” to “soloensis,” extending it to
include the later crania from Wadjak and the “Australoids.”
Hooton’s view of Australian ancestry was complex because
it included a reticulating branch from Melanesians, whose
origin in turn was from the branch leading to African “Ne-
groids.”

In fact, many early and mid-century researchers, like
Hooton, hypothesized multiple Australian origins (from
Smith 1918 to Wunderly 1943). In more recent times there
has been a diversity of interpretations, many of which came
from Hooton’s students. Carleton Coon [1904-1981] alone
restated Klaatsch’s proposal, in positing a singular and
unique ancestry for Australians, evidenced by his (1962)
chapter-title description: “Pithecanthropus and the Aus-
traloids”. Coon considered the Australoids as one of the
five major human races, each with its own, mostly indepen-
dent, evolutionary pathway, and each becoming modern
(crossing what he called the “sapiens threshold”) indepen-
dently, at different times. William W. Howells [1908-2005]
once favored “Coon’s view, at least in distinguishing recent
indigenous Australians from people everywhere while ally-
ing them closely with Tasmanians and Melanesians” (1976:
142) and suggesting that (as he put it): “Solo man may have
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had an influence on Homo sapiens, and one or two of the ap-
parently old Australian skulls (not Keilor) are exceedingly
heavy-browed” (1967: 338). At that time Howells found no
special relationship with East and other Southeast Asians
(1967: 159), although his opinion changed on this issue and
he later suggested ancestral roles for other Asians. But the
Hooton student with the most sophisticated understanding
of Australian prehistory was Joseph Birdsell [1908-1994],
discussed below.

WEIDENREICH

Franz Weidenreich [1873-1948] provided a complex in-
terpretation of Australian origins that combined the sug-
gestions of (1) ancestry in the Middle and Late Pleistocene
hominids of Indonesia with (2) other ancestral Asian popu-
lations. This was part of his polycentric interpretation of
human evolution. Weidenreich’s interpretation set the
stage for virtually all subsequent discussions of ancestry.
Like some earlier writers, he noted many specific resem-
blances of some recent indigenous Australians to the earlier
Indonesian remains (Figures 2 and 3), stating:

“When ... [the skulls] of modern Australian natives are
compared with Homo soloensis the likeness is surprising,
after due allowance is made for the fact that the Austra-
lian is further developed phylogenetically than is Homo
soloensis. In Figure 264C [reproduced here as Figure 2]
the skull of an Australian (No. 792) is depicted. ... When
this specimen is compared with the Ngandong Skull 5,
the latter being reduced to the same length, the only dif-
ference is the greater height of the modern skull and the
more pronounced vaulting of the vertex region. There
is, however, no great divergence of the cranial capacity,
which amounts to 1255 cc in the Ngandong and 1211 cc
in the Australian. But there is considerable difference
in the maximum length: the Ngandong skull measures
219.5 mm while the Australian has a length of 203 mm.
In spite of its modern form the Australian skull shows
well-developed superciliary ridges; a flat, far-receding
forehead; a prelambda depression; a torus-like demarca-
tion line between occipital and nuchal plane and, finally,
a sharp bend between the upper and lower scales of the
occipital bone. In addition the pterion region reveals a
short sphenoparietal articulation measuring only 5 to 8
mm. The infraglabellar notch is deep and narrow as it
was, apparently, in the Ngandong Skull 5” (Weidenreich
1943: 248-249).

These resemblances were not found in all Australians. Cog-
nizant of the range of normal variation in the full Australian
sample, Weidenreich considered the Ngandong-Australian
relationship as only part of Australian ancestry, as one of
many links in the polycentric pattern of human evolution
that he recognized. Moreover, the same resemblances are
not found in all of the Ngandong specimens, as the com-
parison of Figure 2 (the specimens Weidenreich compared)
and Figure 3 (our substitution of a different Ngandong cra-
nium) shows. Comparisons of the Australian Weidenreich
illustrated with different Ngandong specimens' reveal dif-
ferent patterns of similarities and differences. This is one
reason why our comparisons of WLH 50 (below) are with

each of the Ngandong male specimens, and not with their
average.

The complex relationship of recent indigenous Austra-
lians with nearby ancestral populations is a small part of
the network of ancestry for all human evolution that Wei-
denreich described through the Pleistocene (1946: Figure
30, reproduced here as Figure 4). In this interpretation past
populations had many descendants and recent/living pop-
ulations had many ancestors. The specific implications for
Australian ancestry were?:

“At least one line leads from Pithecanthropus and Homo
soloensis to the Australian Aborigines of today. This does
not mean, of course, that I believe all the Australians of
today can be traced back to Pithecanthropus or that they
are the sole descendents of the Pithecanthropus-Homo so-
loensis line.” (Weidenreich 1943: 248-250).

Weidenreich thusly posited multiple ancestors for Aus-
tralians. He was unusual in choosing a network to illus-
trate this and other relationships between Pleistocene and
recent/living populations, rather than the more commonly
used tree of relationships, but he chose a network for good
reasons:

“If the Hominidae are one species in the genetical sense
and an exchange of genes was possible in phases I to IX
[the prehistoric phases shown in Figure 4] as it is pos-
sible in phase X (modern man), the commonly used form
to represent their lineage gives an entirely wrong idea.
The tree with a common stem and more or less abundant
ramifications leaves no possibility to indicate graphically
an exchange of genes. The branches and sub-branches
appear to evolve completely independent of each other
once they have deviated. In reality, there must have been
inter-communications between the branches. The graph
which best fits this perception is a network. Its intercon-
nections indicate the lines along which the exchange of
genes could be effectuated.” (Weidenreich, cited from
his unpublished book manuscript on human evolu-
tion, stored in the Anthropology Department of the the
AMNH).

Using a network to depict the relationships and pattern
of human evolution was a break with Klaatsch, with the
highly influential evolutionary polygenist Ernst Haeckel
[1834-1913], and even with Weidenreich’s mentor Gustav
Schwalbe [1844-1917]. Weidenreich would not arrange hu-
man fossils on a genealogical tree because a tree cannot de-
pict reticulation. Weidenreich’s insight was to understand
that the population structure within the human species was
important for understanding human evolution, and that in
the overall pattern of human evolution, older populations
that did not become extinct had multiple descendants,
while recent/living populations had multiple ancestors®.
The network approach to understanding human popula-
tion structure has withstood the test of time and plays a key
role in the modern genomic era. Thus, Templeton (2005,
2007) regularly uses it in depicting the pattern of Pleisto-
cene human evolution. Hammer and colleagues recently
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Figure 2. Comparison of a recent indigenous Australian (above,
after Weidenreich 1943: Figure 364C) and Ngandong 5 (below,
after Weidenreich 1951: Plate 23). This figure replicates the com-
parison from the Zhoukoudian cranial monograph (Weidenreich
1943), substituting a clearer view of Ngandong 5 from Weiden-
reich (1951). The face of the Australian was obscured by Wei-
denreich to present the same regions as the Ngandong cranium
preserves. The specimens are scaled to the same size and shown
facing in the same direction. In this comparison the contour (an-
gulation and flatness) of the frontal, projection of the supraorbital
region, the tall vertical occipital plane and angular torus develop-
ment are quite similar. We recognize that Weidenreich picked this
Australian cranium for purposes of showing similarity, and, that
not all Australian crania share these characteristics. But the spec-
imen is not at all unique in these aspects and we have been careful
to test hypotheses that address issues of variation, not similarity
alone (see Figure 3).

wrote (2011: 15123):

“The observation that populations from many parts of
the world, including Africa, show evidence of introgres-
sion of archaic variants suggests that genetic exchange
between morphologically divergent forms may be a
common feature of human evolution. If so, hybridization
may have played a key role in the de novo origin of some
our uniquely human traits.”

Networks are widely accepted as a valid way to depict the
Pleistocene pattern of human evolution (Lordkipanidze et
al. 2013; Templeton 2005). We discuss the human evolution-

Figure 3. Comparison of the same Australian as in Figure 2
(above, after Weidenreich 1943: Figure 364C) and a different
Ngandong cranium: Ngandong 1 (below, after Weidenreich
1951: Plate 23). The face of the Australian was obscured by Wei-
denreich to present the same regions as the Ngandong cranium
preserves. The specimens are scaled to the same size and shown
facing in the same direction. In this comparison as in Figure 2,
the details of the forehead are also similar. There are additional
similarities in the shape and orientation of the mastoid process,
the more posterior position of the greatest cranial height, and the
contours and other details of the cranial posteriors such as the
rearward projection of the entire occipital plane and its straight,
vertical posterior surface.

ary network here because this approach informs our own.

NEW FOSSILS, NEW DETAILS

In the almost 70 years since Weidenreich wrote, the Austra-
lian fossil record has considerably increased in size, and
new dates and archaeological associations for the human
remains make them valuable in establishing the details of
Late Pleistocene evolution in the region, and beyond. One
specific implication of Weidenreich’s reticulating network
was in its reflection of a multiple migration model for Aus-
tralia. In fact, he was the first to do so while designating one
of the sources as Ngandong and earlier Indonesian homi-
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Figure 4. Weidenreich’s network of human evolution, as illustrated in his book Apes, Giants, and Man (Weidenreich 1946: 30, Figure

30).

nids. Apart from the evolutionary link with Ngandong, he
provided few details for this model. Weidenreich died be-
fore his Ngandong monograph was finished and the 1951
publication did not have sections on interpretations and
discussion. But his publications on other Australian fossils
(e.g., 1945) made it clear that Ngandong was not the only
ancestral source he considered—Ngandong was not the
sole ancestor of recent indigenous Australians.

Many multiple migration interpretations of Australian
ancestry were subsequently proposed—Birdsell (1967a,
b); Brauer (1989); Freedman and Lofgren (1979); How-
ells (1976); Macintosh (1965, 1967); Pietrusewsky (1984);
Thorne (1976, 1977, 1980, 1984); and, Thorne and Wilson
(1977). Birdsell (1967a, b) presented the most complex
scheme of multiple migrations in his trihybrid hypothesis,
with an archaic “white” ancestral group somehow allied to
the Ainu, a “Negrito” group that was part of an ancient dis-
persal from the Congo Pygmies to the Andamanese, and a
“Carpentarian” group from India. He speculated that some
of the features found in the “Murrayian and Carpentarian
types” of Australian ancestral groups could have been the
result of mixture with H. soloensis, a contention (as noted
above) with which Howells agreed.

Webb (2006) thought that the first migrants to Australia
were H. soloensis populations from Indonesia. According
to Webb, these were followed by “modern human” groups
that evolved outside of Australia, with “African roots” and
“Negrito or Negrito-like” anatomy, including small stat-
ure. Encountering the earlier migrants led to mixing and
because the constituent populations were subspecies in
this interpretation, this could be described as hybridiza-
tion that was dominated by the “modern” group because

of continued migrations to the continent from Southeast
Asia (Brown 2013), which resulted in recent and modern
indigenous Australians. Curnoe (2009: 981) summarized
the current formulation of this two-migration model® incor-
porating the new fossils and most recent dates (reviewed
by Thorne and Curnoe 2000):

“The first group of people with a “gracile” cranial mor-
phology, represented by WLH 1 and WLH 3 (and prob-
ably later by Keilor [Figures 5,6]), colonized Australia at
perhaps 50-70 kyr. These remains are characterized by
steeply walled and relatively thin boned vaults, which
lack postorbital constriction, exhibit absence or a marked
reduction in ectocranial structures (crests, ridges and
tori), a relatively narrow facial skeleton, reduced prog-
nathism, and a small to moderate dental size. A second
group of morphologically ‘robust’ people, first repre-
sented by WLH 50, and later by some Kow Swamp and
the Cohuna and Nacurrie individuals, is posited to have
arrived perhaps about 20 kyr. These remains are charac-
terized by thickly boned vaults, with marked frontal re-
cession, strong postorbital constriction, well-developed
ectocranial structures, relatively broad facial skeletons,
high prognathism, and moderate to large dental size.”
(Curnoe 2009: 981)

Migrations versus Sources

The issue of how many sources contributed to the coloni-
zation of Australia has been debated for a long time (Kirk
and Thorne (eds.) 1976; O’Connell and Allen 2004). The
question was originally framed in terms of migrations,
as discussed above. While the migration interpretations
have never disappeared (Reyes-Centeno et al. 2014), focus
shifted from numbers of migrations to numbers of sources
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Figure 5. The many similarities of Keilor (from Australia, left) and Liujiang (from South China) may reflect an Asian migration to
Australia (as reviewed by Curnoe and Thorne 2006a) and help establish its origin. These crania, shown to the same size and facing
in the same direction, share a transversely flattened, vertical face with slight alveolar prognathism (greater in Keilor), anterior-
facing cheeks, and a low, flattened nasal profile with a weak nasal root. The superciliary and other tori are weakly developed and the
forehead is high and rounded. Supporting this interpretation, Matsumura (2006: Figure 2.3a) shows a dendrogram of Q-mode cor-
relation coefficients based on seven cranial measurements with a cluster with Keilor including Liujiang, Wajak, and Minatogawa,
contrasting with a second cluster that includes Tasmanians and Australians. Features shared by Keilor and Liujiang contrast with
the characters of (what Curnoe (2009) describes as) “robust cranial anatomy,” represented earliest by WLH 50, and later by some
Kow Swamp folk and the Cohuna and Nacurrie crania. These observations and analyses, and the fact that Keilor is from Australia
and Liujiang is from South China, combine to suggest the possibility that some Australians descend from immigrants who were

directly or indirectly of Chinese origin.

when Thorne first stated his two migration interpretation
in terms of “robust and gracile” groups, using robustness in
the sense of ruggedness, and gracility as its opposite (1976,
1977). Robustness and gracility replaced descriptions of H.
soloensis and Negrito-like cranial anatomy, respectively,
but these have become misleading and inaccurate terms®
that could reflect many things besides ancestry, including
environmental adaptation (Bulbeck 2001) and economic-re-
lated activities (Collier 1989). Thorne (1984) was specific in
defining them as anatomical contrasts he perceived did not
come from distinct migrations, but rather reflected two dis-
tinct geographical sources. This opened the possibility that
colonization could have involved many migrants at vary-
ing times throughout Australian prehistory, in particular,
from Indonesia, and East Asia (China). As he often put it,
once migrants began to arrive by sea, why not expect they
did so continuously throughout Australian prehistory and
history? Accepting that the question was about sources,
“robustness” and “gracility” descriptions of cranial anat-
omy became the wrong contrast to apply to this compari-
son (contra Curnoe and Thorne 2006a), just as primitive and
modern was the wrong contrast to apply in earlier formu-
lations. We agree that the valid contrast is in features that
relate to geographic origin.

The recognition of several different geographic sourc-
es for Australians creates the potential for models of a com-

plex population history, because there is no mechanism
that could have kept hunter-gatherer populations from dif-
ferent geographic sources separated or distinct. “It is not
conceivable that groups of widely differing morphologies
could coexist at the same place for tens of thousands of
years” (Pardoe 2006: 14). Supporting this notion, Adcock
and colleagues (2001) analyzed ancient mtDNA from fos-
sil crania regarded as “gracile” and “robust,” finding that
most’ belong to a single mtDNA clade that also includes
the sequences found in living indigenous Australians. Dif-
ferent cranial morphologies were not associated with dif-
ferent mtDNA lines. The mixture of migrants from differ-
ent regions was thorough, and evidently happened long
before these fossils lived. Supporting this interpretation,
in the two large fossil samples (Kow Swamp and Coobool
Creek) the features of some specimens suggest some Indo-
nesian ancestry while other specimens not only lack these
features, but in some cases they have other anatomies sug-
gesting some East Asian ancestry. Different crania combine
different sets of features and the most reasonable interpre-
tation is that their ancestry is mixed®:

“In Kow Swamp 15, the browridge is continuously de-
veloped, dipping only slightly over the nose, and its
thickness is close to the Solo average. The frontal of Kow
Swamp 1 retains a sagittal keel® that runs almost to the
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Figure 6. Keilor (left) and Liujiang (right) are shown to the same size and facing in the same direction. Similarities visible in this
view include the low rectangular orbits, broad interorbital area, and thickening at the zygofrontal suture (but without a trigone at
this position on the frontal). That Keilor is from Australia and Liujiang is from South China suggests some Australians descend from

immigrants who were directly or indirectly of Chinese origin.

browridge and eliminates the groove between the brow-
ridge and the forehead. The outer part of the browridge
in Kow Swamp 9 follows the temporal line backwards,
forming a backward-pointing triangle at the upper cor-
ner of the orbit [frontal trigone].” (Wolpoff 1980: 327—
330)

But at the same time the resemblances of Keilor are with
Liujiang (see Figure 5; Figure 6) and with Zhoukoudian
Upper Cave (Thorne 1980; Curnoe 2007). Other specimens
such as Mungo 1 and 3, two of the earliest dated Australian
remains, also show similarities with East Asians. Yet:

“Mungo 1 closely resembles Kow Swamp 4 and 16 while
Mungo 3 (male) resembles Kow Swamp 14 in brow-
ridge development and Kow Swamp 14 and 15 in frontal
curvature. In other words, the range at this site encom-
passes most of the known [Australian] fossil material.”
(Wolpoff 1980: 330)

Variations in the anatomy of indigenous Australian
populations such as those described above may suggest
multiple geographic sources for Australians, for instance,
from Indonesia or East Asia, but picking through fossil and
recent specimens in the hope of finding specific individuals
of Indonesian, African, or East Asian ancestry is misleading
and an invalid use of the data, because all skeletal samples
are mixed. Current evidence places the migration or mi-
grations to the continent as beginning some 50,000 years
ago (Hiscock 2008; O’Connell and Allen 2008, 2012), with
dispersals throughout the continent by 40,000 years ago
(O’Connell and Allen 2004; Pardoe 2006). No fossil or ar-
chaeological evidence suggests the isolation or segregation

of Australian populations from the rest of the world once
migration to the continent began, and every indication sug-
gests significant gene flow throughout the continent (Hab-
good and Franklin 2008).

Was There a Single Source Population?

The alternative to multiple sources for indigenous Austra-
lians is a single source. Ultimately, of course, the ancestors
of all Pleistocene human populations originated in Africa.
The question is about proximal sources of Australians. This
proved to be a more complicated discussion for Australia
than it had been for most other regions.

During the same period that multiple sources of Aus-
tralian ancestry were under discussion, a number of work-
ers promoted the hypothesis that there need not have been
more than a single geographic source region, and that sub-
sequent variation among Australians evolved in situ from
it (Abbie 1968; Brown 1987; Bulbeck 2001; Cameron and
Groves 2004; Habgood 1986; Howells 1977; Pardoe 1991,
2006; Pietrusewsky 1990; Stone and Cupper 2003; Wright
1976). It is not simple to disprove this contention, since
the adaptive changes in Australia parallel changes in oth-
er parts of eastern Asia (Brown 1992; Brown and Maeda
2004), and more broadly in other parts of the Old World.
Whatever the number of sources, the likelihood of adap-
tive changes in Late Pleistocene and Holocene Australians,
as these authors described, is quite high, and provides an
alternative explanation for the pattern and details of Aus-
tralian variability (Pardoe 2006) that has been difficult to
disprove. Moreover, there was limited consensus on where
the single source region might have been.

One specific possibility that can be addressed is wheth-
er as they migrated to the continent, the early Australian



514 * PaleoAnthropology 2014

immigrants were directly descended from an African pop-
ulation whose ancestors had left Africa not very long be-
fore (Mellars et al. 2013; Oppenheimer 2009). Archaeologi-
cal evidence for a direct migration from Africa is lacking
(Habgood and Franklin 2008), and unambiguous evidence
of diagnostic African anatomy in the Australian fossil re-
cord is yet to be demonstrated. Evidence rejecting a direct
African origin for Australians also comes from our dem-
onstration, below, that systematic comparisons of WLH 50
to earlier African crania fail to demonstrate unique descent
from these Africans. These comparisons, however, cannot
exclude the possibility that some Australian ancestry was
African.

The Simplest Origins Hypothesis
Considering geography and the Pleistocene pattern of
ocean currents, the most likely possibility is that the proxi-
mate geographic origin for Australians was in the regions
closest to Australia—in eastern Asia and island Southeast
Asia. As discussed above, some of the earlier scientists con-
tended that one of these islands was Indonesia, and in one
way or another an Indonesian origin, or more precisely the
idea that one of the source populations for Australians was
Indonesian, has remained an important intellectual thread
throughout the history of Australian prehistory. We accept
this contention as our null hypothesis, that one of the an-
cestors of Australians is Ngandong or a sample similar to it.
Archaeologically, demographically, and anatomically,
the populations of Australia evolved throughout the part
of the Pleistocene that the continent was inhabited. Our
second hypothesis is that the pattern and direction of their
evolution was similar to other regions of the world; spe-
cifically, that WLH 50 differs from Ngandong in ways that
reflect the pattern of evolution from the Late Pleistocene in
other parts of the world. This is not parallelism. It would
imply significant archaeological and biological connections
between Australia and its neighbors; the continent could
not be considered an isolated cul-de-sac.

WLH 50

Of the new Australian fossils found in the latter part of the
20th century, WLH 50 (Figure 7) is not the most complete,
but is by far the most provocative discovery. On the basis
of its size and the development of cranial superstructures,
WLH 50 is a male calotte (see Figure 7), found with some
associated fragmentary facial bones in 1980 on the surface
of a lunette near Lake Garnpung in the Willandra Lakes
area of New South Wales, Australia (see Figure 1). While
in the 21st century, Australian ancestry is usually assessed
as (mostly Southeast) Asian (Dennell and Porr 2014), date
assessments for the Pleistocene Australian fossil record are
recent enough for the expectation that evidence of addi-
tional ancestry in either (or both) Indonesian (Ngandong)
or Late Pleistocene African populations could potentially
be found.

A number of age estimations have been published for
the WLH 50 site and the fossil itself (Caddie et al. 1987;
Simpson and Griin 1998); in our view, the most recent de-

termination of its age (Griin et al. 2011) is the best ground-
ed and supplants earlier age assessments:

“If reworking or burial is considered, the age of the
WLH 50 human remains lies between 12.2 + 1.8 and 32.8
+ 4.6 ka. The remains most likely date to around 26 ka
but realistically will fall into an age range of 16.5 - 37.4
ka” (Griin et al. 2011: 604).

We believe WLH 50 is an adult, probably a young to
middle age male on the basis of cranial suture closures.
The sutures preserved for WLH 50 present a mosaic of clo-
sures and fusions, as commonly is the case. All endocranial
sutures are closed, although visible to different extents.
Meindl and Lovejoy (1985) show ectocranial closure is su-
perior to endocranial suture closure as an age indicator.
They divided the ectocranium into two regions for anal-
ysis of suture closure at specific points, the vault system
and the lateral-anterior system (comprised of pterion, the
mid-coronal point, sphenofrontal point, inferior spheno-
temporal point, and superior sphenotemporal point, all il-
lustrated in their Figure 1). The lateral-anterior system was
found to be superior to the vault system for age assessment.
Unfortunately, only the mid-coronal suture remains of the
lateral-anterior suture system in WLH 50. The WLH 50 cor-
onal suture is minimally closed and easily visible ectocrani-
ally, at least across the top of the vault to the position of the
temporal lines (stephanion). In the mid-coronal position it
matches the “minimum closure” illustrated by Buikstra and
Ubelaker (1994: Figure 22b). The lambdoidal suture is only
slightly more closed, not as closed as the examples of “sig-
nificant closure.” The lambda and bregma positions are not
closed on the lambdoidal and coronal sutures, respectively,
and the condition of the other preserved sutures support a
younger rather than an older age assessment. In contrast
the sagittal suture is fully fused and obliterated externally,
though somewhat visible internally. The advanced closure
stage of the sagittal suture is unusual for a younger adult,
according to Meindl and Lovejoy (1985), as is its combina-
tion with the minimum closure of the coronal suture, but
ectocranial closure of the sagittal suture is age-independent
(Hershkovitz et al. 1997) and thereby unreliable for estimat-
ing age.

As described below, WLH 50 is arguably the largest
and most rugged of the Late Pleistocene Australians. But
neither its size nor its anatomical features are anomalous or
unique for a Late Pleistocene hominid, and the observation
that most of its characteristics appear in other, more recent
crania from the Australian fossil record, and persist in some
historic individuals, suggests that WLH 50 can validly in-
form the contention that indigenous Australians descend
from more than one geographic source, and the hypothesis
that one of those sources is Late Pleistocene Indonesians.

GOAL OF THE DESCRIPTION AND ANALYSIS
The goal of this monograph is to provide both a descrip-
tion of the WLH 50 fossil and an interpretation of its place
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Figure 7. WLH 50 as reconstructed by Thorne, modified after Curnoe (2011: Figure 2). Upper left is the frontal view, upper right is
the lateral view, lower left is the posterior view, and lower right is the superior view.

in human evolution. Because of its anatomy and geologic
age, WLH 50 provides a unique opportunity to address is-
sues of indigenous Australian ancestry, and we approach
this in a comparative context. A detailed description and
comparison of the WLH 50 cranium is important for exam-
ining many of the relationships that have been proposed
for Australian fossils, discussed above, and for addressing
issues of multiple sources for Australians, including Late
Pleistocene Indonesians from Ngandong. The Ngandong
remains comprise the closest hominid cranial sample in
both space and time, from outside the Australian continent
(see Figure 1).

The age of the WLH 50 cranium is between the dates
estimated for Ngandong and for the Kow Swamp/Coobool
Creek Australian samples. Ngandong'® is unquestionably
earlier (Anton et al. 2007; Indriati et al. 2011; Huffman et
al. 2010, who thoroughly discuss all issues of provenience).
Other Terminal Pleistocene-early Holocene aged Australian

samples that have been described as retaining some Indo-
nesian-like features may overlap with the latest portion of
the WLH 50 age estimate, but most probably are later. The
largest of these are Coobool Creek (n=126), where there
are uranium/thorium dates of 12,500 +400 (Brown 1987)
and 14,300+£1000 (Brown 1989) for Coobool 50.65, and Kow
Swamp (n=22), with a reported date of 22-19 kyr (Stone
and Cupper 2003).

Systematic comparison of WLH 50 with the Ngandong
crania specifically addresses questions of whether Ngan-
dong could be one of his ancestors. The issue is not about
whether WLH 50 is part of the Ngandong sample; anat-
omy, geography, and date estimations show it most cer-
tainly is not.

Nor is the issue discussed here whether WLH 50 should
be considered an anatomical link or intermediary between
Ngandong and recent or living Australians, or whether it
shows continuity between Ngandong and recent or living
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Australians. History shows us that these interpretations
could sound as though there was a single, unique line of
descent from Ngandong to WLH 50 and this is not a hy-
pothesis that we either consider or believe could be valid. If
there had been a unique line of evolution from Ngandong
to WLH 50 to later Australians, the interpretation of WLH
50 as an anatomical link might be possible, but our con-
tention is that these relationships are more complex than
linear evolution because they involve mixture with other
populations at each point. Our interest is in whether Ngan-
dong is one of WLH 50’s ancestors. This would provide
evidence that some indigenous Australian ancestors were
Pleistocene Indonesians.

Nor is this issue whether WLH 50 can be described as
“archaic,” “modern,” or “intermediate,” or is part of the
same taxon Ngandong belongs to if that taxon is different
from Homo sapiens. We will return to this point.

We focus here on a question of ancestry, one that we
believe can be systematically addressed as a testable hy-
pothesis (illustrated in the pattern of evolution shown in
Figures 4 and 8): does WLH 50 indicate that Ngandong-
like populations are among the ancestors of indigenous
Australians? There may be significant ways in which
WLH 50 differs from the Ngandong crania; the question
is whether these are ways in which other recent Australian
crania also do not resemble Ngandong.

We address this hypothesis of ancestry phenetically, on
the basis of similarities (or their absence) because in this
case a hypothesis of ancestry cannot be addressed cladisti-
cally. Whatever the correct taxonomy is, the putative ances-
tors of WLH 50 are too closely related to WLH 50 for any
formal cladistic assessment to be accurate (Curnoe 2003;
Hawks 2004; Westaway and Groves 2009), if for no other
reason than for so close a relationship, many times more
data than actually exist would be required for reasonable
accuracy. To do so, we undertake below a detailed com-
parative study of the data we collected for WLH 50", and
the anatomical and statistical comparisons that address hy-
potheses of ancestry and normality for WLH 50.

Many of these comparisons were quantified with
measurements. The grand measurement set from which
measurements of WLH 50 were defined is comprised of
standardized measurements from R. Martin (1928), the
Biometrika school, the W.W. Howells data set, and other
normally used sources. Added to these were measurements
developed to allow comparisons of fragmentary cranial
remains too incomplete for standard measurements to be
possible. This provides a measurement set of many more
measurements than has ever been used before in compari-
sons with WLH 50, and one particularly designed to maximize
comparisons of crania that are not complete.

The descriptions following also include systematic an-
atomical comparisons'? with the Ngandong crania. We re-
port Weidenreich’s (1951) allocations of sex, but with some
skepticism. While Weidenreich’s estimation is that 4 of the
6 complete calottes are male, we recognize the tendency to
over-estimate the number of males in fossil hominid popu-
lations (Weiss 1971), and while accepting Weidenreich’s as-

Figure 8. Comparison of an Australian (top) from Western Arn-
hem (from Jelinek (1979), after Curnoe and Thorne 2006b: Figure
9), a cast of WLH 50 (middle), and Ngandong 1 (below) from
Weidenreich (1951: Plate 19). The specimens are scaled to the
same size and shown facing in the same direction to facilitate
comparisons of cranial shape. While each differs from the oth-
ers, the figure illustrates some of the similarities the three crania
share. But this is not meant to illustrate a simple relationship of
linear evolution. For instance, in some ways the greater similari-
ties are between the Australian and Ngandong crania. WLH 50
is by far the largest and thickest of the three and in this lateral
view its sagittal contour is less evenly rounded; from the frontal
to the nuchal plane it is more strictly divided into junctures of 5
distinct, flattened planes. In other comparisons such as thickness
of the supraorbitals, expression of the angular torus, and flatten-
ing of the nuchal plane WLH 50 is more similar to Ngandong 1.
Our contention is that their anatomical relationship is complex
because Ngandong is only one of the ancestors of WLH 50, which
in turn is only one of the ancestors of recent and living Austra-
lians such as the cranium shown here.

sessments for Ngandong, in our view, sex determination
within this sample of faceless calottes lacking associated
postcranial remains will always be problematic. For this
reason our comparisons are with the individual crania and
not with the sample means, or with the means for the puta-
tive males.

We also make some limited comparisons with later Aus-
tralian fossil crania. These comparisons are not meant to be
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systematic, but for the purpose of determining whether the
anatomical features of WLH 50 also can be found within
the later Australian fossil sample. We want to establish,
within reason, whether WLH 50 is part of a normal range
or an unusual, unexpected, or perhaps anomalous or path-
ological Australian fossil. Issues of the uniqueness and/or
purported pathology or artificial alterations of WLH 50 are
informed by comparisons with males from the large sam-
ples from Kow Swamp and Coobool Creek. Granted that
these Kow Swamp and Coobool comparisons are sampled
from one extreme of a wide range of anatomies, we believe
they are sufficient to address the question of whether WLH
50 is normal or unique in demonstrating some Ngandong
contribution to Australian ancestry. Although these data
can also effectively address the hypothesis of an African
source for indigenous Australians, no feature or combina-
tion of features seems to clearly demonstrate that an Afri-
can source was the only, or the unique ancestor. We return
to this question in our statistical analysis.

Where appropriate, we cite the observations on WLH
50 that Webb (1989) published; Webb also based his re-
marks on the study of the original specimen. Curnoe (2009,
2011) and Curnoe and Thorne (2006a) published additional
comparisons with other Australian fossils. These also are
cited as appropriate. Although lacking a systematic de-
scription, there has already been considerable discussion
about WLH 50 and its place in human evolution (Curnoe
2009, 2011; Hawks et al. 2000; Miller 1991; Stringer 1998;
Stuart-McAdam 1992; Webb 1989, 1990, 2006; Westaway
and Groves 2009; Wolpoff et al. 2001).

PATHOLOGY OR ARTIFICIAL DEFORMATION
AS EXPLANATIONS FOR THE ANATOMY OF
WLH 50

Some authors recognize similarities in the anatomy of
WLH 50 and the Ngandong crania, but attribute these to
other causes than relationship. Key among these have been
suggestions of local adaptive processes, age or size related
ruggedness, artificial deformation, or pathology.

“Perhaps Australia was a special case where local differ-
entiation, cultural practices, or pathologies led in some
cases to apparent evolutionary reversals” (Stringer and
Andrews 1988: 1263).

Here we review these possibilities. We agree that WLH 50
could not validly inform phylogenetic hypotheses if the
distinctive aspects of its anatomy are a consequence of un-
usual environmental or artificial influences.

Adaptive Explanations

Pardoe (2006) cites a fluctuating balance between microevo-
lution and gene flow in the context of different ecological
zones as an explanation for anatomical variation, including
variation in patterns of ruggedness, among recent indig-
enous Australians. Bulbeck (1982, 2001) suggests that the
robust anatomy of WLH 50 and some of the other robust
Australian fossil crania could reflect adaptation to the de-

teriorating climatic conditions of the last glacial maximum,
and others concur (Brown 1987; Stone and Cupper 2003).
The underlying assumption of these contentions is that ear-
lier dated “gracile” crania such as Mungo 1 and 3 (Bowler
et al. 2003) represent the ancestral condition and later speci-
mens such as WLH 50 (and even later (Macumber 1977, but
see Stone and Cupper 2003) samples from Kow Swamp,
Coobool Creek) evolved from this ancestral condition. This
model has yet to be fleshed out in terms of how the cause
(harsh Australian climate) might have led to the result (cra-
nial ruggedness), or presented as a testable hypothesis.

Age or Size Related Ruggedness

Explanations for the WLH 50 morphology, especially its
cranial thickness, include a combination of advanced age
(cranial thickness increases with age) and normal popula-
tion variation, in this case similarity to the wide ranges of
variation in Australian fossil hominid samples such as Coo-
bool Creek (Miller 1991). As noted above, however, the age
of WLH 50 is not “advanced” but rather young to middle
aged.

Curnoe (2009: 981) describes WLH 50, along with later
remains from Kow Swamp, Cohuna, and Nacurrie as “char-
acterized by thickly boned vaults, with marked frontal re-
cession, strong postorbital constriction, well-developed ec-
tocranial structures, relatively broad facial skeletons, high
prognathism, and moderate to large dental size”. He sug-
gests (2009: 980) that this morphological complex, includ-
ing cranial thickness:

“might best be explained by four underlying factors:
possession of a (1) large neurocranium, (2) narrow crani-
al base, (3) viscerocranium with considerable midfacial
projection, and (4) large dentition, especially the cheek
teeth, with their associated large jaws and high volume
masticatory muscles” [We note that WLH 50 does not
preserve numbers 3 or dental or gnathic evidence of 4].

Stuart-McAdam (1992) describes WLH 50 as a large in-
dividual with thick diplde, but Curnoe and Green (2013)
demonstrate that the WLH 50 relative diploe thickness is
not greatly different from the relative thickness of the WLH
3 diploe, a specimen with a diplde not considered unusual
in its relative thickness.

Artificial Deformation of WLH 50—A Red Herring
Artificial deformation has often been raised as an explana-
tion of some fossil Australian morphology, and as an exam-
ple of the claim that “cultural practices” are responsible for
key aspects of WLH 50 (Antén and Weinstein 1999; Stringer
and Andrews (1988) as cited above). There are three ques-
tions here:
* is there evidence of past or present artificial deforma-
tion in Australia?
e are contentions of Australian similarities to Ngandong
dependent on, or independent of cranial deformation?
* is there reason to believe WLH 50 has been artificially
deformed?
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Figure 9. Some Australian fossil crania were artificially deformed. These four Coobool Creek crania are shown at the same size, facing
in the same direction. They show marked variation in cranial shape, expressed in many ways that include frontal flattening. As in
virtually all features, the variation is continuous through the sample (Brown 1989). Of these, Coobool 50.65 and 50.66 (above) have
convincing evidence of artificial deformation according to Brown (1981, 1989). The lower two do not have evidence of deformation.

We can begin here—artificial deformation exists in
Australia. There is convincing evidence (Figure 9) that
some fossil and recent Australian crania have been artifi-
cially deformed (Clark et al. 2007), as Brown (1981, 1989,
2010) has consistently asserted. Brown (most recently 2010)
maintained that this fact disqualifies certain features from
being used in analysis. Durband (2008) also supports this
position, and recently (2009: 8) stated:

“the presence of artificial cranial deformation in some
Pleistocene Australians ... [calls] ... into question the
utility of certain features like flat frontal bones as indica-
tors of continuity with Indonesian H. erectus.”

However, as Curnoe (2009) and others have noted, that
some fossil and recent crania show signs of artificial de-

formation does not mean or imply that all do. If artificially de-
formed crania can be identified, as we believe, comparisons
based on the crania that are not deformed should not be
disqualified. Since the existence of artificial deformation in
Australia is widely recognized, it is not clear to us why this
argument has persisted for so long.

Clark and colleagues (2007) quantified the identifica-
tion of artificially deformed crania with a discriminant
function using frontal, parietal, and occipital arc/chord in-
dices. At Kow Swamp, the discriminant function indicated
that cranium 1 was not deformed while cranium 5 was. We
expect that KS 7 was deformed as well, as Brown suggests.
Thus, there is convincing evidence of artificial deforma-
tion in some Australian crania, but not in others’®. In the
first publication on multiregional evolution, Thorne and
Wolpoff (1981) used both Kow Swamp 1 and 5, the two
best-preserved Kow Swamp crania, as examples of speci-
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mens showing evidence of regional continuity. Once the
validity of Brown’s subsequent interpretations was evident,
Kow Swamp 5 was no longer advanced as an example of
expressing regionally predominant traits. But Kow Swamp
1 continues as such an example, because it lacks evidence
of deformation (Clark et al. 2007; Curnoe 2009). KS 1 ex-
hibits all of the regionally predominant features discussed
in Thorne and Wolpoff (1981). The discriminant function
also demonstrated that none of the Ngandong crania were
deformed; there is no reason to doubt that their anatomy
reflects their ancestry, as Weidenreich and others had sup-
posed. In all, the Australian similarities to Ngandong can
be demonstrated independently of deformation.

The discriminant function addressing deformity could
not be calculated for the Coobool Creek crania. Brown
(1989) published the only cranial measurements that exist
for this sample, prior to their repatriation. Brown did not
report all of the measurements required to apply the func-
tion that was later derived by Clark and colleagues (2007).
Nevertheless, we concur with Brown (1981, 1989, 2010) that
the artificially deformed Coobool crania are: 1, 41, 49, 65,
66, and 81 (see Figure 9). Characteristics of Coobool crania
Brown identifies as artificially deformed, even those not
obviously altered by the deformation, are not included in
any of our analyses addressing relationships.

To our knowledge, only Bréauer et al. (2004) and Li-
eberman (1995) proposed that artificial deformation could
specifically explain the anatomy of WLH 50. Lieberman
contended: “while a few of the modern human fossils from
Australia have thickened skulls (e.g. WLH 50), those fos-
sils have pathological thickening of the diplde that almost
certainly resulted from cranial deformation (1995: 167). As
Curnoe (2009: 982) puts it, no researcher who has studied
the specimen has made a similar suggestion.

Pathological Explanation for Cranial Thickness
As noted above, several authors have questioned the phy-
logenetic utility of the elevated WLH 50 cranial vault wall
thickness (see Table 6 below), suggesting it is invalid for ad-
dressing questions of relationship because it is pathologi-
cal. There have been further suggestions that vault shape
may somehow also have been altered by the pathology,
although the details of the alleged alteration are generally
not presented and no mechanism to accomplish this has
yet been described. Explanations for the thickened WLH 50
vault as an adaptive response to some sort of chronic ane-
mia or a related pathology are meant to exclude or replace
an explanation of its shape and ruggedness based on ances-
try. Brown (1989), Webb (1989, 1990, 2006) and Westaway
(2006; Westaway and Groves 2009; Westaway and Lambert
2014) have each proposed a variant of a pathological expla-
nation for WLH 50 cranial thickness, and others have cited
pathology as the basis for discarding metric comparisons
or morphological observations for WLH 50 (Brauer et al.
2004; Lieberman et al. 2002).

Webb (1990) cites three observations to support his
assessment of pathology—the thin cortex of the vault
bone; uniformity of vault thickness; and, identification

of the “hair-on-end” sign on lateral radiographs. He sug-
gests (1989, 2006) that the cranial bone structure of WLH
50, marked by the presence of thin inner and outer corti-
cal tables contrasted by thick dipldic tissue in between (see
Figure 12 below), may be a “hematopoietic reinforcement
in the cortical bone as a result of pathology” (Westaway
and Lambert 2014: 2793). The proposed anemic condition
which created this condition is perhaps closely related to,
or a precursor to, modern genetically derived hemoglobin-
opathies, such as sickle cell anemia or thalassemia.

However, Webb's interpretation is constrained by the
fact WLH 50 does not display other changes in its cranial
bone similar to those observed in recent populations suf-
fering from genetically determined anemias (Webb 1990).
WLH 50 lacks any overt expression of symmetrical hyper-
ostosis (Curnoe 2007; Curnoe and Thorne 2006b), cribra or-
bitalia, or localized bossing of the parietal or frontal squa-
mae, which are the main paleopathological indicators of
chronic anemia. If the dipldic thickening of WLH 50 had
been the result of chronic anemia, the hemoglobinopathy
responsible would have to be unlike any known today or
throughout paleoepidemiological history. Moreover, Webb
reports that the large percentage of dipldic bone in relation
to total cranial thickness found in WLH 50 is not uncom-
mon in the Willandra sample—the 73% WLH 50 value is
equaled in (the much thinner) Mungo 3 vault, and is less
than the dipldic bone percentage in several other Willandra
specimens (data from Webb 1989: Table 3). We do not be-
lieve that a compelling case for a pathological explanation
of the WLH 50 vault thickness has been made.

In further discussion of this question, Curnoe and
Green (2013) systematically compared CT scans of WLH 3
and 50, two Willandra lakes males with markedly different
cranial vault thicknesses. These provide a key comparison
because they are two males differing in the robustness of
cranial superstructures. Curnoe’s earlier assessment (2011:
10) was that WLH 50 closely resembles WLH 3 in shape
and proportions: “WLH50 simply presents as a more rug-
ged version of the WLH3 morphology, the two resembling
each other in their angle of the posterior part of the frontal
squama and profile of the parietals and occipital.”

To expand on their earlier comparisons, Curnoe and
Green (2013) took thickness measurements in a number of
regularly spaced positions along both the axial and coro-
nal planes, creating a matrix of measurements for each
specimen. The paired cranial bone thickness differences
for these two specimens are significant; WLH 50 is thicker.
And there are significant differences for the dipldic space
and the inner and outer bone tables.

But the pathology question is over whether there are
differences in ratios for the external bone tables and the
dipldic space between them, and systematic differences
are not evident for these. The diplde’s contribution to bone
thickness is mostly greater in WLH 50. Curnoe and Green
(2013) show all components of the vault except internal
table thickness are significantly thicker in WLH 50 than in
WLH 3, in both scanning planes. However, relative bone
thickness, or proportion of total vault thickness for the
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dipldic space, and of the total table, are not significantly
different between the two Willandra vaults (WLH 3: 42.9-
59.1%; WLH 50: 50.8-51.5%). Internal table thickness is also
relatively greater in WLH 3 (WLH 3: 19.7-21.1%; WLH 50:
13.0-13.4%). While the relative thickness of the internal
and external tables is very similar and statistically indistin-
guishable between WLH 3 and WLH 50 in the axial plane,
it is significantly thicker for WLH 50 in the coronal plane.

Curnoe and Green (2013) addressed the issue of uni-
formity in thickness (raised by Webb 1995, in the context of
whether the thickness was pathological). In all, they mea-
sured thickness at 37 points for WLH 3 and 31 points for
WLH 50; most of these were in the same positions. The dif-
ference in the CV of the measurements for these crania is
not significant. These comparisons show that, for all intents
and purposes, WLH 50 and WLH 3 have similar patterns of
vault thickness and its distribution.

Finally, WLH 50 cranial bone structure is like that of
other recent and living humans, and the thicknesses of
WLH 50 cranial bone are within the range of a recent Aus-
tralian population (Coobool, see Table 6 below). We infer,
as have many others, that a pathological explanation of the
vault thickening in WLH 50 is not well supported (Curnoe
2009; Hawks et al. 2000).

Allometry?

Although incorrectly described by Curnoe and Green (2013:
1317) as “the largest individual recovered from the Pleisto-
cene hominin fossil record” (see Table 1 below), WLH 50 is
the largest known Pleistocene Australian vault. Curnoe and
Green (2013: 1316) suggest a significant role for size-related
allometry in explaining its greater thickness. They report a
highly significant correlation for the geometric mean of five
cranial dimensions versus thickness at bregma in sample
averages for Pleistocene-Holocene and recent Australians
(r>=0.71). We concur that in the context of Australian fossils,
the exceptional size of this specimen could contribute to its
unusual cranial thickness, but there are problems in this
interpretation.

Curnoe and Green (2013) also calculated the allometry
for cranial vault bone thickness within the much smaller
Ngandong sample. They found the relation of thickness to
cranial size was significant but negative. Because of the dif-
ferent allometric relationships of the Ngandong and more
recent human samples and the unusual cranial thickness
of WLH 50, Curnoe and Green conclude that cranial thick-
ness aligns WLH 50 with Pleistocene-Holocene and recent
Australians and not with Ngandong. We do not agree with
this phylogenetic assessment. The negative allometric coef-
ficient for the Ngandong crania was only significant at 9%
(Curnoe and Green 2013: 1317) and it would be more cor-
rect in our view to interpret the analysis to show that there
was no demonstrable relationship between vault size and
cranial thickness at Ngandong, a result in keeping with the
very small Ngandong sample size.

Curnoe (2009, and as noted above) attributes the excep-
tional aspects of the WLH 50 anatomy to the consequences
of allometry and a well-developed masticatory apparatus

superimposed onto the population-specific attributes of
Australian cranial morphology. There is evidence of a pow-
erful WLH 50 masticatory adaptation found in the size and
anatomy of the associated zygomatic fragment described
below. But the fact that WLH 50 is similar to the Ngandong
specimens in so many ways, but these crania are smaller
compared to the large cranial size of WLH 50 (see Table
1 below), indicates that size-based allometry is probably
not a key factor in explaining the similarities. And this ta-
ble shows Pleistocene human crania larger than WLH 50
that do not have thick vaults, or share the other features
described above as “robust,” as would be expected from
an allometric causation for the Ngandong-WLH 50 simi-
larities we are discussing. Finally, the Coobool Creek cra-
nia are smaller than WLH 50; yet, the thickest crania within
that sample reach or exceed WLH 50 thickness in compa-
rable regions (see Table 6 below, Coobool data from Brown
(1987)). As at Ngandong, the Coobool male cranial bone
thicknesses do not scale allometrically.

No Compelling Explanations Replace Ancestry

We interpret the above to mean that no compelling evi-
dence suggests WLH 50 was altered significantly by defor-
mation or pathology (the same conclusion was reached by
Curnoe 2009, among others), nor are anatomical similari-
ties with Ngandong an obvious response to the large size
of the WLH 50 vault or a consequence of similar (albeit,
unknown) adaptations. We expect that the comparative
anatomy of WLH 50 can validly address its ancestry, and
be used to test hypotheses about it.

DESCRIPTION OF WLH 50 AND COMPARISON
WITH NGANDONG SAMPLE

Condition and Preservation

The WLH 50 vault is comprised of a faceless and mostly
baseless calotte reconstructed by Thorne (see Figure 7).
Because the vault is incompletely preserved, we limit our
comparisons, observations, and measurements to those
aspects that can be directly ascertained for WLH 50. This
might seem obvious, but we wish to be clear that this is the
only factor delimiting the information we present''.

The bone remaining is for the most part well preserved,
although many portions of the outer bone table are abraded
(Curnoe 2011, see Figure 5 and text), and other exceptions
are noted below. With just a few gaps that have been filled
with a red wax, bone surface extends continuously from the
frontal, including most of the full supraorbital torus (see
below for a description of this structure). A 22mm (length)
by 31.5mm (maximum breadth) piece of the orbital roof is
preserved adjacent to the lateral torus on the left side. On
the vault, the external bone surface is mostly complete from
a position at or very close' to glabella on the medial-most
part of the right side of the supraorbital torus, posteriorly
to the upper part of the nuchal plane of the occipital, 6mm
beyond (anterior and inferior to) the fuberculum linearum on
the superior nuchal line. The tuberculum linearum is defined
here as the union of the superior nuchal lines at the mid-
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line, where they meet the external nuchal crest.

The supraorbital torus extends laterally on both sides
to a position not quite as lateral as the frontozygomatic su-
ture. But, posterior to this, nothing is preserved of the or-
bital notch except just below the temporal ridge. Behind the
supraorbital, the left (more complete side, shown in Figure
7) preserves a broken inferior edge that arches in parallel to
the temporal ridge up to the position of the coronal suture,
and then continues the arch posteriorly and inferiorly to a
position 14mm anterior to the parietal notch (at the parietal
mastoid angle).

The posterior portion of the temporal remains on the
left side but without any of its petrous region or the root
of the zygomatic arch; the posterior portion of the supra-
mastoid crest is preserved on the right. The bone surface is
preserved 25.6mm anterior to the front edge of the mastoid,
this is the most lateral aspect of the roof (Weidenreich’s teg-
men) above the external auditory meatus and the ring of
bone surrounding it, but there is nothing preserved of the
external auditory meatus or any part of the tympanic. Most
of the mastoid process remains on the left side, including
its anterior and posterior edges, although it is not evident
that the tip remains.

Behind this, the broken bone surface is an irregular
arch across the nuchal plane of the occipital, nowhere pre-
serving the inferior nuchal line, with its most posterior ex-
tent just anterior to the tuberculum linearum, as described
above (and see Figure 12 below). The bone surface is clearly
eroded across the cranial posterior, especially inferior to
the supreme nuchal line. Effectively this means that the nu-
chal torus has lost an unknown amount of the outer bone
table and with it the crania’s posterior projection. Bone
thickness measurements that are affected are not reported.
The positions of the tuberculum linearum and inion can be
easily approximated from the remaining anatomy. Inion as
defined here is superior to it, the midline point at the level
marked by a chord between the superior nuchal lines in
their most superior position (lateral to the beginning of the
downward arc where they dip down to form the tuberculum
linearum). Bone thicknesses at the inion and fuberculum lin-
earum positions are uncertain because of the bone erosion,
but we are confident that the linear or arc measurements
to these points on the external surface are close to their
original values. It does appear that the top of the torus,
effectively the supreme nuchal line, is preserved without
significant erosion, although difficult to identify on photo-
graphs. Opisthocranion occurs on the supreme nuchal line
and measurements to it are also close to correct. The inter-
nal occipital protuberance is coincident with the supreme
line and we are confident of the thickness of the occipital at
this position as well.

The inferior-most edge of the cranium is not as com-
plete on the right side, from the position of the mastoid
base anteriorly. The singular exception is a small portion of
the posterior temporal squama extending 34.5mm anterior
to the parietal notch, and 20mm superior to it. The poste-
rior parietal here is not well preserved, with an irregular
break more or less paralleling the lambdoidal suture for

62mm, about 30mm anterior to it. From its most superior
extent the break is a jagged, zigzagging surface that con-
tinues anteriorly to the most lateral extent preserved of the
right supraorbital surface, described as follows. The broken
edge continues 63mm further anterosuperiorly, to a point
in the middle of the parietal that almost reaches the sagittal
suture. The broken surface then extends some 60mm inferi-
orly, irregularly for 34mm anterosuperiorly to the position
of the temporal line, and irregularly for 88mm inferoante-
riorly until reaching the broken lateral surface of the right
supraorbital, as described above.

The internal surface of the vault is preserved in a cor-
responding manner. Its internal table is not complete on
the preserved portion of the left temporal, and especially
behind the supraorbital torus where 20mm of the left-most
lateral portion of the orbital roof remains, extending 30mm
to the supraorbital notch. The anterior surface of what ap-
pears to have been a frontal sinus is exposed for 32.5mm, to
the midline. Webb (1989, p. 35) notes:

“the size of the left sinus is estimated to have been about
6.8 cm®. This is based on the following dimensions: 22
mm deep (anteroposteriorly), 28 mm wide and about 11
mm high. The form and size of frontal pneumatisation in
WLH 50 corresponds more closely to that of the Ngan-
dong crania ... than it does with the small Choukoutien
sample.”

Vault as a Whole
As we have described it, WLH 50 is a large male calotte
with an estimated cranial capacity of 1540cc (Curnoe 2009,
citing Brown’s web site: http://www-personal.une.edu.
au/~pbrown3/palaeo.html). This is over 30% larger than the
Ngandong male mean (1177cc, n=4) and larger than the big-
gest Ngandong male, Ng 10 at 1231cc. While on the large
end of the recent indigenous Australian range, this size is
not completely unexpected; for instance, lying 2c above the
mean male value of 1295cc reported by Morant (1927, Table
VI) for a sample of 146 from Queensland, Victoria, New
South Wales, South Australia and Western Australia. There
is no compelling reason to believe the standard deviation
of 120 reported for these Australian males could be used to
estimate the male Ngandong standard deviation, but if for
the sake of demonstration we made this assumption, WLH
50 would be 36 above the Ngandong male mean. This com-
parison contrasts with the 2c difference of WLH 50 from
the recent indigenous Australian mean, we regard the
larger estimated difference from Ngandong as significant.
Simply put, the vault is quite large, but at approximately
two standard deviations above the mean not so large that it
would be unexpected among recent Australians.

Table 1 records two of the largest hominid crania from
the Pleistocene fossil record that are larger than WLH 50
(Herto VP-16/1 and Amud). We note that, for the most part,
neither of these larger crania has exceptional cranial thick-
ness throughout the vault® (see Table 6 below), or shares
any other of WLH 50’s special features that align it with
Ngandong crania. WLH 50 is significantly larger than the
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TABLE 1. WLH 50 IS NOT THE LARGEST PLEISTOCENE HUMAN VAULT (length, breadth, and height
dimensions (in mm) for WLH 50 compared with larger? crania in Pleistocene members of genus Homo).

Cranial length ~ Maximum cranial breadth ~ Auricular height to bregma
(in the sagittal plane)
WLH 50 212.2v 151.6 115.5
Herto VP-16/1 219.5 155.0 122.0
Amud 214.7 157.0 117.1

a“Larger” meaning exceeding WLH 50 in all three dimensions

bThis measurement is possible with reasonable accuracy on WLH 50 because, as we note in the text above, the external
bone surface is mostly complete from a position at or very close to glabella on the medial-most part of the right side of
the supraorbital torus. Several different estimations resulted in close to the same result; the significant digits reported
reflect our assessment of the precision. Curnoe and Thorne (2006a) also provide an estimated cranial length for WLH 50:

“c212 mm”.

Ngandong males (as described above, and in Table 2). This
is one of the key differences between the Willandra calotte
and those earlier remains from Ngandong. However, the
hypothesis examined here, that the anatomy of WLH 50
indicates that Ngandong-like populations are among its
ancestors, and thereby the ancestors of indigenous Aus-
tralians, is not refuted by its larger size. Virtually all cra-
nial samples of sufficient sample size more recent than the
Ngandong sample are, on average, larger than it. Nor does
the size of WLH 50 make its cranial thickness, or any other
aspects of its cranial shape and anatomy, into exceptional
or unexpected features requiring special explanation.

The thick vault is absolutely long, and compared to
Ngandong relatively high and narrow (Table 3), with the

position of maximum breadth low across the cranial base
at the supramastoid crests. It is otherwise similar in shape
and proportions in the occipital view to specimens from
the Ngandong sample, although not exactly like any one
of them. The posterior view of Figure 16 (see below) is
standardized to cranial breadth and thereby illustrates the
greater relative height of WLH 50. This vault shape can also
be found among the Coobool remains—some of the larger
specimens such as Coobool Creek 50.76 share a number of
anatomical details, including sagittal keeling, and the cra-
nial contour as seen in posterior view including low maxi-
mum breadth, and a prominent nuchal torus covering the
entire cranial rear (Figure 10).

In fact, the length of WLH 50, over 212mm, is within

Figure 10. Similar cranial shapes. Posterior views of WLH 50 (right) and Coobool 50.76 show that the cranial shape, sagittal keeling,
and the low position and relative magnitude of the WLH 50 cranial breadth can be matched in the Australian fossil record. When the
effects of erosion are considered (see Figure 12), it is likely that the shape and position of the superior nuchal lines of these specimens
are similar as well. WLH 50 is unusual in its combination of size, cranial thickness, and the development of some of its cranial super-
structures, but it is not unique and is not the only fossil Australian with these attributes. The specimens are shown to approximately

the same size to facilitate shape comparisons.



523

WLH 50, Australia, and Pleistocene Human Evolution

V'vLL el 8701 L0ST 9°00C 060T 4 L1 o[oS
T9LL 9'8¥1 6'80L S9'8ST 0°50C €Tl 4 0T ofoS
041 S97L SYP01 0651 0°20¢ QElL 4 6 0J]0S
6'L91 STV 8°00T VivL 6'T6L €I0T qd 9 oJoS
6981 ST91 9401 L0ST €0¢c 1sCL N S oJos
ge91 0CvL 696 C0sT 9°S6L CLIL qd 1 oJoS
7'8L1 S991 eIl 9IST [Ar4 ¥4 0vst 4 0S HIM
(se-9) (1-1q) (duerd (8IN) (IIN) (8EN) xag
uoLId)se e[aqersd uvorur-ew3arq  reprSes ayj ojur  Yjpedrq [eruerd Suaj reruen 20 ur
paaloxd 1g-ne) WNWIXeur wnurrxeu Aypeded feruern
SRy remoLme

‘ppagsul pagioda st 31 ‘paniasard
191329 S1 40 umouy st ap1s 3Ja] ayy Ajuo uayp) ‘pasn st 3ySts ‘paaiasaid s JySis ay3 Ajuo uaym 40 aSvuvp 10 Aputoun fo aaLf puv paaiasaid jjom a4 sapis 1YSii puv 3fa] y10q J1 “4sv-8 sv
YONS SJUIMIINSVIUL PIPLS 4V 2421] UaYm ‘sajqvy Suimojjof 1] puv suyj uJ , uoridjse o} e[dqe3, Surueaur ,jse-3, ur se ‘a8esn s,unrejA] SUIMO[[0J OSTe dTe SUOTILIAII]JE JUIUIDINSEITA]
‘unaejA Aq paqLIdSIP St Udd e} dIE SJUIWIINSEIU A} UdYM Pajrodar axe 3say [ ‘(86T UIHEIA) JUSWIINSLIUN dY) 10J IDUINU UIMEJA Y} 0} SIJAI #4JAl “SA[qe) SUIMO[[OF [[e pue SIy} uf



524 * PaleoAnthropology 2014

TABLE 3. CHORD AND ARC (measurements in mm, and ratios and shape indices for the cranial vault).

glabella-opistho-cranion g-op glabella- g1 breadth/ height/ length
(g-op) arc arc/chord lambda g1 arc/chord length index
(M23) index g-1 arc (M3) index index (B/L) (AuH/L)
WLH 50 338.0 159.3 278.0 207.0 134.3 71.4 54.4
Solo 1 285.0 145.7 232.0 186.2 124.6 76.7 49.5
Solo 5 293.5 133.2 233.5 197.0 118.5 68.4 48.8
Solo 6 271.5 141.5 214.5 175.8 122.0 76.8 52.5
Solo 9 280.0 138.6 221.5 183.0 121.0 78.7 51.7
Solo 10 280.5 136.8 228.5 184.0 124.2 77.3 53.1
Solo 11 278.5 137.3 212.0 177.9 119.2 75.1 52.2

the Ngandong range, exceeded by one of the six Ngandong
crania (Ng 5, see Table 2). On the whole, the vault is more
arched than the Ngandong crania, although as described
below the arching is formed by three flattened surfaces
rather than the more generally rounded surfaces of the
Ngandong crania. Figure 11 illustrates these shape com-
parisons. The more vaulted cranial shape is described by
the index for the arc to chord relation of glabella-opistho-
cranion (see Table 3), above the Ngandong range. Most of
this difference reflects curvature of the top of the vault. This
is further demonstrated by the index for glabella-lambda
that is also high relative to Ngandong, while the index for
occipital curvatures from lambda are lower, within the
Ngandong range (see Table 11 below).

To further quantify these aspects of cranial shape,
distances are determined from the auricular point, pro-
jected into the sagittal plane (Table 4). Remembering that
the WLH 50 vault is volumetrically larger than any from
Ngandong, the auricular distances to glabella in the anteri-
or and opisthocranion in the posterior lie within the Ngan-
dong range, while the distances to the top of the vault, at

bregma and lambda, lie above the Ngandong range. Once
again, measurements show the top of the vault is higher
and more rounded. The occiput is not especially project-
ing at the nuchal torus position (remembering that this
structure is eroded away). But at its most superior posi-
tion (lambda) the occiput projects more rearward than any
Ngandong cranium. Thus, the posterior face of the occiput,
along the occipital plane, is more vertically oriented than in
any Ngandong cranium, and actually is a little backward
leaning from lambda in our approximation of the Frank-
furt Horizontal (Ng 1 is most similar in this regard, but dif-
fers in occipital plane orientation as described above). The
surfaces of the Ngandong crania along the top of the vault
on the midline are more-or-less evenly rounded, while, as
noted, this surface in WLH 50 is comprised of three flat-
ter portions—a frontal, top, and backward projecting rear
aspect. For WLH 50 these surfaces meet at distinct angles;
the frontal angle is at metopion, as described below, while
the rear portion is the flattened posterior parietal region be-
ginning some 57mm posterior to bregma and extending to
lambda.

TABLE 4. DISTANCES FROM THE AURICULAR POINT (au)
PROJECTED ONTO THE SAGITTAL PLANE (mm).

glabella bregma lambda opisthocranion inion
au-g au-br au-1 au-op au-i
projection projection projection projection projection

WLH 50 111.5 115.5 110.8 98.1 93.2
Solo 1 103.6 96.9 98.8 88.7 83.8
Solo 5 122.5 107.6 101.6 103.4 92.5
Solo 6 104.5 100.8 95.7 91.3 86.3
Solo 9 110.2 104.5 101.0 96.4 81.4
Solo 10 116.4 108.9 96.7 95.1 91.4
Solo 11 112.9 104.8 97.7 93.7 88.0




WLH 50, Australia, and Pleistocene Human Evolution ° 525

Figure 11. WLH 50 cast compared with three Ngandong adults, shown in lateral view and facing in the same direction (from Weiden-
reich 1951), and shown in the same approximate orientation and size to facilitate comparisons of shape (in reality WLH 50 is larger
than any of the Ngandong specimens, see Table 1). In these and other lateral comparisons, the best-preserved side is shown, with
images reversed as necessary. WLH 50 falls within the anatomical range of the Ngandong remains for most details, and one should
remember that his nuchal torus appears to have been eroded away. For instance, the occipital plane form and verticality is most like
Ng 1; the frontal angle to a glabella-opisthocranion line is most like Ng 10; the frontal flatness is most like Ng 5. The angular torus
and mastoid expressions are most like Ng 1. Nevertheless, differences are evident in the greater relative cranial height of WLH 50, the
difference in orientation of the occipital plane (in our approximation of the Frankfurt Horizontal), and the greater angularity of the
portions of the vault along the midline. See the text for further details and discussion

These comparative details are clearly illustrated in Fig-
ure 11%.

Cranial height can only be described from the auricu-
lar-bregma distance, projected into the sagittal plane (see
Table 4). This measure of cranial height is larger than the
Ngandong mean, actually well above its range (see Table
1; Figure 16 below), corresponding to comments made by
other authors such as Brown (1992: 239), acknowledging
“the vault is long, but also extremely high”. The WLH 50
height/length index calculated from auricular-bregma dis-
tance (54.4, see Table 3) is larger than any from Ngandong
[48.8-53.1, n=6] although just barely so—Ng 10 is almost as
relatively tall. The cranial shape similarities of WLH 50 and
Ng 10 are evident in Figure 11, where comparisons of the
crania shown at the same size allow a visual assessment of
shape. The position of the maximum cranial height in WLH
50 is at bregma, the condition in some (Ng 5, Ng 10) but not
all of the Ngandong crania.

Contrasting with its greater height, the WLH 50 cranial
vault is narrow compared with the Ngandong specimens;
its maximum cranial breadth, maximum parietal breadth,
biauricular breadth, and biasterionic breadth are all within
the lower part of the Ngandong range, but always above
the minimum (Table 5). As in the Ngandong crania, the

maximum cranial breadth is low on the vault (see Figure
16 below) and is substantially larger than the biparietal
breadth. WLH 50 maximum cranial breadth is the closest
cranial breadth to the corresponding Ngandong mean, just
a little more than a millimeter less. Four Ngandong crania
are narrower, two are broader. Table 3 shows that cranial
breadth relative to length is similarly below the Ngandong
mean but encompassed within the range.

Relatively narrow (or dolichocranic) as well, the WLH
50 breadth-length index of 71.4 (see Table 3) is less than
all the Ngandong crania except for number 5, and only
Ng 5 is dolichocranic while the others are mesocranic. Al-
though the greatest breadth of the cranium as seen from
above is far to the posterior (see Figure 13 below), it is
no more so than Ngandong crania such as Ng 5. The ba-
sic WLH 50 vault shape in this view appears as elongat-
ed, not tear-dropped as in more brachycranic specimens.
Thus, the minimum frontal breadth is more similar to the
greatest cranial breadth than is usual at Ngandong; ratio
of the minimum frontal breadth to greatest cranial breadth
(calculated from Table 5) is 75.9, slightly greater than the
Ngandong maximum [68.9-73.7, n=6]. The relative breadth
of the cranial base (biauricular breadth/cranial length) also
reflects narrowing; it is relatively narrower than Ng 5, and,
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Maximum frontal and biauricular breadths for WLH 50 estimated using mirror imaging, repetition of the estimates show that the former is less accurate
(to the nearest millimeter) than the latter (to the nearest half-millimeter).

maximum maximum bi-asterionic bi-auricular nuchal minimum post-orbital maximum frontal
cranial breadth bi-parietal breadth breadth plane frontal breadth  breadth at temporal breadth (co-co)
(M8) breadth (M12) (M11) breadth (M9(1)) lines (ft-ft) (M9) (M10)
WLH 50 151.6 142.0 123.0 137.5 111.0 115 112.0 124
Solo 1 150.2 147.5 131.0 134.0 106.7 105.0 103.5 119.0
Solo 5 150.7 144.6 128.0 147.5 107.0 111.0 101.5 123.5
Solo 6 147.4 141.8 120.5 138.2 102.9 106.6 102.1 117.5
Solo 9 159.0 151.3 123.9 146.5 101.5 109.6 102.2 120.5
Solo 10 158.5 148.1 128.2 149.7 101.5 114.0 104.0 123.1
Solo 11 150.7 142.0 126.7 143.4 108.3 107.1 100.3 120.3
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in fact, relatively narrower than all earlier hominids of the
genus Homo, although OH 9 is almost as relatively narrow
(see endnote 17).

There is a low, broad sagittal keel beginning anteriorly
at the bregma position and extending posteriorly for 57mm.
Anterior to it, there is no keel on the frontal. The keel is
bordered by basically flat, very slightly concave surfaces
to either side, in totality forming the roof of the vault. All
of the Ngandong crania have some kind of sagittal keeling
pattern, none precisely the same. Ng 9 is similar, and Ng 11
appears to be the same as WLH 50, though its frontal anat-
omy is somewhat obscured by healed wounds. Ng 9 has
a distinct sagittal keel beginning at bregma and extending
posteriorly to where the posterior flattening begins. Many
sizes and shapes of sagittal keeling are found throughout
the Pleistocene fossil record, and while Wu (1998) reports
the North Asian form of the keel in the Middle Pleistocene
differs from South and Southeast Asia, Balzeau (2013) notes
that the sagittal keeling in Homo erectus is not an autapo-
morphy.

The flattened portion of the superior surface of Ng 9 is
triangular in shape and covers the back of the parietals and
the upper portion of the occipital plane. Behind the sagittal
keel of WLH 50, as noted above, the back of the parietals
is similarly flattened in a triangular form with the apex at
the above-described point at the end of the sagittal keel and
the base roughly along the lambdoidal suture. While the
flattened region for WLH 50 extends to the lambda posi-
tion, there is no prelambdoidal depression such as found
in Ng 11 and the other Ngandong crania as described by
Weidenreich (1951). According to him, a prelambda de-
pression also is found in some recently living indigenous
Australians. Below and behind this flattened area the pos-
terior face of the WLH 50 cranium defined by the occipital
plane is as discussed above, tall and more or less vertical,
extending some 45mm from the most posterior part of the
lambdoidal flattening to the top of the supreme nuchal line.
This is quite to the rear of the Ng 1 cranium (see Figure 11).

The posterior flattening of WLH 50 creates the superfi-
cial appearance of an occipital bun, and Curnoe (2009: 984)
describes the specimen has having one. We do not agree.
In the Neandertal chignon the lambdoidal flattening ex-
tends onto the occipital leaving it a much shorter vertical
face than WLH 50 shows. The sides of the Neandertal bun,
when it is present, are often defined by a vertical flattening
of the posterior parietals, also extending onto the occiput.
None of these appear on WLH 50. Instead of a vertical flat-
tening, the cranium lateral to the vertical rear is rounded,
although not evenly. On the posterior border of the angular
torus, left side of WLH 50, there is a large, shallow lateral
fossa with what appears to be a resorptive surface encom-
passing the suture and extending medially for 34mm, up
to a slight vertical elevation, or ridge, that separates it from
and forms the lateral border of the suprainiac fossa (Fig-
ure 12), described below in the occipital section. The lateral
fossa, bordered medially by the angular torus, is 24mm in
height above the supreme nuchal line, thereby incorporat-
ing most of the lateral-most lower corner of the occipital

plane. Because the fossa extends to the angular torus, a
small section of the lambdoidal suture is incorporated in it,
coming as close as 14.8mm from asterion. There is no corre-
sponding fossa on the right side. Ng 9 is strikingly similar
in this anatomy, with fossae on both sides of the cranial
rear that closely correspond to the WLH 50 condition, ex-
cept they are larger and deeper in Ng 9. Ng 10 and 11 also
are similar to WLH 50 in this region; in these Ngandong
crania the tori and ridges, described above, are strongly
developed and the fossa is deep and extends medially. In
these three Ngandong crania, the sides are symmetric. Ng
5 has a similar though not as extensive fossa bordering the
angular torus on the left, this is barely visible on the right
so that like WLH 50, the sides are asymmetric.

Other tori, ridges, and muscle-related features are
well developed. The supraorbital torus/superciliary arch,
described below in the frontal section, is prominent. The
nuchal torus, as defined by the supreme and superior nu-
chal lines, was tall and appears to have been substantial,
although its surface, as described below in the occipital
section, is eroded so that torus thicknesses cannot be ascer-
tained (Table 6) and the appearance of the torus is mislead-
ing.

The temporal line, also best preserved on the left side,
extends posteriorly from the temporal notch as a raised
ridge, or crest, and flattens to a barely discernible line
across the parietal. Toward the posterior aspect of the bone
it becomes a prominent, well-developed but less sharpened
ridge, and ultimately is expressed as an angular torus, as it
curves downward and approaches but does not quite reach
the lambdoidal suture. In this most posterior position the
angular torus is prominent and thickened, about 15mm
superior to asterion with its posterior border 4.8mm ante-
rior to the lambdoidal suture. The back of the angular torus
extends downward and slightly anteriorly from the most
posterior projection of the torus; its posterior border travels
along the lambdoidal suture with the toral structure end-
ing at asterion where the occipitomastoid, parietomastoid,
and lambdoidal sutures come together. The anterior border
of the angular torus, the superior temporal line, continues
to arc toward the parietal mastoid angle, its most anterior
extent ending 4.5mm short of it. Along the parietomastoid
suture, the base of the angular torus, so defined, extends
20mm anteriorly from asterion.

In the Ngandong crania the angular torus most closely
approaches the lambdoidal suture in a lower position (clos-
er to asterion) than it does in WLH 50. But there is more
similarity in how closely the angular torus approaches the
lambdoidal suture. Kaifu and colleagues (2008: 576) de-
scribe “the anterior shift of the posterior end of the superior
temporal line and resultant marked separation of it from
the lambdoidal suture” as a Ngandong autapomorphy, but
in fact not all of the Ngandong crania have this character
state. The Ng 9 temporal line reaches the lambdoidal suture
as an angular torus. In Ng 1 the angular torus is weakly
developed but the temporal line also extends back to the
lambdoidal suture, albeit close to asterion. Ng 5 on the
right has an expression of this feature very similar to WLH
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Sagittal keel

Superior nuchal line

Central parietal
thickness

Figure 12. Posterior of WLH 50 showing parietal thickness in cross-section, the low sagittal keel, the superior nuchal line defining the
inferior border of the nuchal torus, and other details described for the cranial posterior. The eroded condition of the bone surface at the
nuchal torus position is visible and the supreme nuchal line delineating its superior border cannot be easily seen in this photograph.

50. The distance between the back of the angular torus and
the lambdoidal suture is 4.8mm in WLH 50 and 6.7mm in
Ng 5. Thus, while the anatomy described for Ngandong
does not characterize WLH 50, as we note above, this an-
atomical description is not consistently expressed in the
Ngandong sample, which actually encompasses WLH 50
in its range. The recent/modern human range for these
anatomies in Australia is quite similar; note that in Figure
9 the most posterior aspect of the temporal line touches the
lambdoidal suture in Coobool 50.16, but is anterior to it in
Coobool 50.36.

Like the Ngandong remains, the WLH 50 cranial vault,
as seen from the rear, has the form of a house with a gabled
roof and curved sides slightly inward-slanting from the
cranial base, where the cranium is broadest (see Figure 16
below). The parietal walls inferior to the temporal line are
evenly curved and lack any boss development (see Figure
12). Beginning with the distinct angle at the temporal ridge,
the cranial roof is gabled up to its peak where there is a low
and wide parietal keel on the anterior portion of the pari-
etal, as described above. These details of the cranial rear
are found in the Ngandong sample, the greatest similarity
is with Ng 5.

Apart from its larger size, WLH 50 is similar to the

Ngandong cranial sample in many of its details; with ex-
ceptions or specifications as noted, most of the character
states of WLH 50 are a good match within the Ngandong
sample in the sense of falling within the range of the indi-
vidual specimens (see Figures 8, 10, and 12). Those features
that differ from the Ngandong sample, such as the enlarged
cranial size, higher and more rounded sagittal contour of
the cranial vault, reduction of supraorbital structures and
their division into central and lateral structures, and great-
er contribution of the diplde to vault bone thickness, reflect
evolutionary changes of the Late Pleistocene that to some
extent characterized all regions of the world. In WLH 50
these result in anatomical details that are much like oth-
er fossil and recent Australians. The existence of detailed
anatomical similarities with some or all of the Ngandong
crania, including various measures of ruggedness, suggests
that its neurocranial size alone cannot be the cause of these
anatomical similarities (contra Curnoe'” 2009).

Cranial Bone Thickness

One of the most notable features of WLH 50 is the marked
cranial wall thickening (see Table 6), discussed above as a
possible pathological condition and illustrated in Figure 12.
It is notably thicker than the next thickest Willandra speci-
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TABLE 6. CRANIAL VAULT BONE THICKNESS (mm).

Substantially different WLH 50 vault thickness measurements were published by Webb (1990), Curnoe and Thorne (2006a), and Curnoe
and Green (2013). The probable cause of differences in reported thickness measurements for WLH 50 is the extreme sensitivity of position
in thickness determination’® (Marsh 2013), and with the exception of parietal thickness at the middle eminence, a position possible to
measure with a caliper because of the breaks, the thickness reported in the table are at standardized and easily replicable measuring points.
The WLH 50 measurements reported here were published by Curnoe and Green or taken by one of us (MHW) on the original specimen, as
were the Ngandong measurements that were not published by Weidenreich (1951). The Herto 16/1 thicknesses are from White et al. (2003,
supplement). The maximum thickness dimensions at Coobool are from Brown (1987).

parietal at occipital occipital at
frontal at  parietal at  parietal at middle parietal at  occipital at at internal occipital
bregma bregma lambda eminence asterion lambda inion protuberance
WLH 50 14.0 14.9 15.0 16.0 17.0 16.2 >18.02 >20.02
Coobool Creek
max 14.1 15.4 17.1 23.0
Herto 16/1 10.0 7.0 11.0 7.0 18.0
Solo 1 9.5 7.9 10.9 7.0 8.0 18.8 18.5
Solo 5 8.8 11.5 12.5 9.5 17.0 15.0 25.0 20.0
Solo 6 12.1
Solo 9 115 7.6 14.5 20.0 17.0
Solo 10 10.1 9.9 9.0 16.0 8.5 22.0 16.5
Solo 11 9.0 9.2 12.0 25.0

aThese are less than the true values by an unknown amount. The external bone surface is eroded away in this region (see Figure 12) and the
thickness measures of the nuchal torus are not preserved. Even still, the bone that remains is significantly thickened here.

men (Webb 1989: Table 7), and in a measure of thickness
averaged throughout the vault (not including the supraor-
bital and nuchal tori), WLH 50 is on average 1.8 times thick-
er than the other partially complete Willandra male, WLH
3 (Curnoe and Green 2013). Its thickness lies well above
the means of recent Australians from Kow Swamp, Coo-
bool, and the collection from Murray Valley (Brown 1987).
However, WLH 50 cranial thickness is within the recent
Australian range, if barely. It is not as thick as the thickest
specimens from Coobool (see Table 6) reported by Brown
(1987). Where comparisons can be made, for most thickness
measures on the cranial squama WLH 50 is thicker than
any specimen from Ngandong (see Table 6).

To a large extent thickness is accomplished by a great-
er relative and absolute thickening of the diplée in WLH
50, and in this regard WLH 50 resembles other recent and
modern human crania (Curnoe and Green 2013; Kennedy
1991; and see below). In contrast, in the Ngandong crania
it has been reported that generally the compact outer and
inner tables contribute more to total bone thickness than
is normal in recent crania. In the cranial vault thickness
of Ngandong, as in the earlier remains from Sangiran and
Zhoukoudian:

“all three constituents of the [cranial vault] bone take
equal part in the thickening, the two tables slightly more
than the diplée (Weidenreich 1943, p. 164). This pattern

is typical of vault construction in other middle and up-
per Pleistocene crania, as well as those individuals from
the Ngandong series. The pattern in WLH50 is quite the
reverse” (Webb 1995: 64).

More than any other comparison, issues have been raised
about whether cranial bone thickness comparisons of WLH
50 and the Ngandong crania are between homologous
characteristics, and therefore whether cranial thicknesses
can be validly compared. While the internal anatomy of the
WLH 50 cranial bone is well-described and known at many
positions (Curnoe and Green 2013), the internal character-
istics of cranial bone can differ considerably from one posi-
tion to another (Marsh' 2013) and comparable data have
not been published for the individual Ngandong crania.
Balzeau (2006) reported general observations on the contri-
bution of inner and outer tables and diplde to cranial bone
thickness in Homo erectus, Ngandong, and fossil and recent
modern humans. Balzeau found that in virtually all speci-
mens studied the diplée contributes to more than 50% of
the thickness. We have observed that the diplée in WLH 50
is not exceptional in its relative thickness relative to other
Australian fossils. Combined, these observations challenge
previous assertions that Asian Homo erectus and Ngandong
differed in these regards, and support the assessment of
homology for cranial bone structure, providing validity for
our cranial bone thickness comparisons.
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Frontal Bone

The angled forehead is long, flattened, and thick. Its gentle
curvature is even along the midline from the glabella po-
sition to the metopion position (metopion is the highest
point above the nasion-bregma line), about 3cm anterior to
the posterior border at bregma, where a strong angulation
separates what is basically the front of the cranium from its
top. Metopion is not always delineated as a distinct angula-
tion in the sagittal plane on Ngandong crania, as in Ng 1
and 5 (see Figure 11). In Ng 10 there is an angulation in the
metopion position but unlike WLH 50 it is more anterior,
at about the center of the frontal squama. WLH 50 appears
to have something like a prebregmatic eminence, and has
been described as such (Curnoe 2011: 10). But this is not
an eminence in the sense of bulging outward from the cra-
nial surface, but rather is the point of angulation described
above, between the top of the cranium and its front defined
by the slope of the forehead.

WLH 50 frontal length, whether described as a chord
or an arg, is substantially greater than in the Ngandong cra-
nia (see Table 7 below for this and following comparisons
except as noted). WLH 50 frontal length relative to cranial
length is 60.6%; this greatly exceeds the relative frontal
length for the Ngandong sample [50.4-56.8%, n=6]. How-
ever, although most human frontals are not as long, rela-
tively long frontals are found through the Late Pleistocene
fossil record everywhere—Cro Magnon 3 and 8 (61.1, 62.9),
Predmosti 22 (60.5), Pavlov 1 (60.3), and Liujiang (61.8). An
elongated frontal is unusual but not unknown in the Late
Pleistocene.

In contrast,, flattening of the WLH 50 frontal squama
is similar to the Ngandong specimens. The chord/arc index
for frontal length (107.6) is close to but very slightly above
the range of 103.2-106.2 for the four Ngandong males. The
WLH 50 frontal is thicker at bregma than the Ngandong
crania (see Table 6). Bregma thickness is the only frontal
squama comparison we report; while many cranial thick-
ness comparisons suffer from problems of identifying the
same position on different crania (Marsh 2013)'%, those tak-
en at defined points are most likely to be comparable. The
squama is evenly curved transversely, the sagittal keel of
the parietals does not extend on to the frontal as it does in
Ng 5, nor is there a frontal boss similar to that of Ng 11. In
these respects WLH 50 is most similar to Ng 1 and 10.

Posteriorly on the frontal squama there is a very broad
bulging surface involving approximately the middle half
of the frontal at the coronal suture, narrowing as it passes
anteriorly to the supraorbital region. To its sides the fron-
tal squama is shallowly concave to the temporal ridges—
this development varies in Ngandong; WLH 50 closely re-
sembles Ngandong 10 in it. The WLH 50 lateral torus has a
poorly developed frontal trigone at its lateral edge on the
left, a smaller but otherwise similar structure to the Ngan-
dong crania; in particular, very similar to that in Ngandong
9 (the trigone of Ngandong 9 is larger). The supraorbital
torus just medial to the trigone on the left is 9.6mm in thick-
ness (height); at the trigone the thickness is 12.6, a relation-
ship of greater thickness at the corner that is similar to

Ngandong. The superior surface of the lateral torus is not
distinguishable from the frontal squama; this part of the
torus could be described as a thickening at the end of the
long, flat squama.

The postorbital constriction is pronounced, although
not as much as in the Ngandong mean. Whether measured
across the temporal fossae or across the temporal ridges, the
postorbital constriction is most like Ngandong 10, both ab-
solutely and relative to maximum frontal breadth. The lat-
ter is also very similar to Ngandong 10. WLH 50 minimum
frontal breadth is only Imm greater than the Ngandong
maximum (see Table 5), not unexpected given the similari-
ties in cranial shape and how much larger the Australian is.
Relative to the maximum frontal breadth (calculated from
Table 5), WLH 50 is relatively less narrow than any Ngan-
dong cranium; but again, the difference is slight as its 92.7%
value is little different from the Ngandong maximum (for
cranium 10, it is 92.6%). In all, WLH 50 is quite like Ng10 in
these absolute and relative breadths, in general above the
Ngandong mean.

The distance between the temporal lines at the tem-
poral fossa (where they are actually ridges) is 112mm, sig-
nificantly exceeding the Ngandong condition where the
lines (ridges) are higher on the cranium at this position,
and thereby closer together —a range of 100mm to 104mm.
The anterior portion of these ridges projects from the fron-
tal and there is a distinct angulation of the bone inferior to
them, where the bone surface along the inferior border of
the ridge is more sculpted out and concave than in any of
the Ngandong crania (in Ngandong the ridge is less dis-
tinct and the inferior border along it convex in all cases).
Posteriorly on the WLH 50 frontal, the ridge becomes less
prominent, as does the angulation it defines, and the tem-
poral ridges gradually soften to indistinct lines as they
cross the coronal suture posteriorly. Their vertical position
on the cranium changes as well, more posteriorly the lines
rise to a higher position on WLH 50, reversing the relation-
ship with Ngandong even though the Willandra cranium is
by far the largest. The 98.2mm distance between the tem-
poral lines where they cross the coronal suture is below the
Ngandong range (101.3-113.5mm), this despite the fact that
the maximum frontal breadth is just barely above than the
Ngandong range (see Table 5).

Supraorbital Region

The WLH 50 supraorbital region is mostly preserved exter-
nally but not internally, as noted above and illustrated in
Figures 7 and 11. In WLH 50:

“the flat frontal squama is associated with a large and
anteriorly projecting supraorbital torus, and this feature
results from anterior placement (growth) of the orbit
relative to the frontal squama. The anterior point of the
superior orbital plate is located well anterior to the an-
gulated plane of the frontal squama” (Curnoe 2009: 984).

Webb (1989) describes (and illustrates, his Figure 9) the
WLH 50 torus as comprised of both superciliary ridges
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and a middle section that is “as large or larger, implying
a partial torus” (p. 30). We believe the issue of whether the
WLH 50 condition can be described as supraorbital torus or
as superciliary ridges (or arches) is complex, not the least
because of differences between the left and right sides, as
described below.

The WLH 50 torus is an osseous bar that extends across
the frontal. It projects from the frontal squama, but the di-
rection of the projection is almost parallel to the squama so
that only a weakly developed fossa supraglabellaris occurs,
similar to the Ngandong condition" (and unlike earlier In-
donesian crania). It is especially similar to the left side of
Ng 5 where the fossa supraglabellaris also extends in a lateral
and superior direction across the entire front face of the to-
rus. Whether or not the osseous bar is continuous across
the midline is unclear because the central portion across a
portion of 11mm at the top of the torus is missing, except
for its very top that is at, or almost at, the midline position.
There is a suggestion of a glabellar notch similar to Ngan-
dong, and it is possible, but far from certain, that there was
a broad groove at glabella separating the two sides. Insofar
as this notch is (weakly) expressed, it differs from Ngan-
dong 5 but is similar to Ng 11 (Figure 13).

Laterally the bone surfaces are continuous from this
break to the lateral-most preserved positions, not quite at
the suture with the zygomatic but lateral enough for the
temporal line to parallel the top of the torus surface. The
preserved bone surface indicates that there was some gla-
bellar projection, as seen from above. In frontal view, the
torus surface on both sides dips inferiorly at the most medi-
ally preserved positions. There are centrally located supra-
orbital notches, or incisura, on the superior rim of the orbit
on both sides of the frontal, a condition that can be seen on
some (e.g., Ng 11) but not all Ngandong crania.

There are two ways to interpret the anatomy of this os-
seous bar as it is expressed in WLH 50, and it would be
fair to say that both the Webb and the Curnoe descriptions
above are correct. On the one hand, both sides of WLH 50
preserve a continuous toral surface, making it reasonable to
describe the structure as a supraorbital torus, as Curnoe sug-
gests. But on the other, there is the appearance of strongly
developed broad, vertically tall superciliary arches, weakly
distinguished from lateral tori by an abrupt change from
greater medial projection to weaker and less vertically tall
lateral projection, as Webb describes. This is more distinct
on the left than the right side. The juncture between these is
easily visible on the left and could be described as a weak
superolaterally oriented supraorbital groove, although it is
not so much a furrow as the conjunction of two different
surfaces. Nor does the supraorbital notch position corre-
spond to the tallest part of the superciliary arch, as is com-
mon.

As seen from the superior surface (see Figure 13), the
torus extends across the front of the Ngandong crania in
what is a virtually straight line for all but its more lateral
aspects. The superciliary arches project more anteriorly
than the lateral tori which angle more posteriorly than the
straighter lateral supraorbital aspect in Ngandong. Only in

Ng 4 and10 do the sides angle somewhat posterolaterally,
away from the center. WLH 50 is most like Ng 10 in this
regard; while it is difficult to measure accurately, and the
preservation of Ng 10 is not complete, WLH 50 seems to
have about the same angulation.

The anatomy of the WLH 50 supraorbital region is not
quite like any other Late Pleistocene fossil sample. Smith
and Ranyard (1980: 589) describe the Neandertal supraor-
bital torus as:

“... basically an osseous bar, extending continuously
across the inferior margin of the frontal bone. The torus
forms an arch over the superior margin of each orbit and
appears depressed superiorly in the midline by the pres-
ence of a supraglabellar fossa.”

WLH 50 preserves a structure that is in some ways similar,

but not the same. Nor does it closely resemble the classic

supraorbitals of Zhoukoudian, and it also differs some-
what from the Ngandong condition (see Figure 15 below)
as described above. However, whether or not WLH 50 has

a true supraorbital torus is not a key diagnostic issue, be-

cause true supraorbital tori can be found in recent Austra-

lians. For instance, the supraorbital torus in Coobool 50.35

is thick and evenly developed (Figure 14) and unlike WLH

50 there is not even the most incipient division of the struc-

ture into superciliary and lateral elements, in spite of the

orbital notch. In contrast, however, no Coobool or Kow

Swamp cranium has as strong a frontal trigone expression

as even the weakest development in the Ngandong sample.

In Late Pleistocene/Recent Australian adult samples
such as Kow Swamp and Coobool Creek, the anatomy of
the supraorbital region varies across the full range of pos-
sible expressions seen in Pleistocene and recent times, and
WLH 50 fits within this range:

* a classic, thick, continuously and evenly developed
supraorbital torus (for instance, as in Kow Swamp 15;
Coobool 50.16, 50.75, 50.76, 50.82, and 50.35 (see Figure
14));

* a classic, thin, continuously and evenly developed su-
praorbital torus (Kow Swamp 14; Coobool 50.38);

e continuously expressed tori with thinning at the mid-
orbital position (Kow Swamp 5; Coobool 50.29, 50.65);

¢ continuously expressed tori thinning laterally (Kow

Swamp 1, 3, 4, 7, 8; Coobool 50.9, 50.28, 50.37, 50.41,

50.45, 50.46, 50.49, 50.66);

e division of the torus into superciliary arches and lat-
eral tori (Kow Swamp 154; Coobool 50.10, 50.12, 50.13,
50.23, 50.36, 40.47(R), 50.50, 50.51, 50.65(L), 50.71); and,

e virtual or full absence of toral structures (Kow Swamp
2, almost adult; Coobool 50.2, 50.7, 50.61).

Arguably the most unusual morphology of the Ngan-
dong supraorbital tori are the knobby frontal trigones
found at their most lateral extent, making the torus thick-
ness in this position (reported in Table 7 below) the greatest
for any part of the structure (Weidenreich 1951). The tem-
poral line emerging from the temporal fossa forms the lat-
eral side of the trigone. The apex of the trigone is created by



532 * PaleoAnthropology 2014

Figure 13. WLH 50 (from Curnoe and Green 2013) compared with three Ngandong adults, seen in superior view at approximately
the same size. WLH 50 cranial shape in this view is most like NG 5, which is relatively narrower, the rounding of the cranial rear is
most like NG 11, but none of the Ngandong crania have so strong a posterior angulation of the superior orbital border.
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Figure 14. Coobool 50.35 has a classic supraorbital torus, and not separated superciliary arches. The torus is thick and close to evenly
developed, extending across the entire frontal without break or interruption. Unlike most Pleistocene expressions of supraorbital tori,
the supraorbital foramina are opened as notches on the superior orbital margins.

the temporal line. This line changes into a ridge as it swings
posteriorly. The medial side of the trigone is the distinct
top of the supraorbital. WLH 50 has part of such a trigone
preserved on its right side, but it is much smaller and less
prominent than any of the Ngandong structures, and more
like the structure as it is found in the Kow Swamp sample.
Table 7 (below) measures lateral height as it is preserved in
WLH 50, at what Weidenreich refers to as the “corner por-
tion®” since it is just above the superolateral corner of the
orbit. As Table 7 (below) and Figure 15 show, lateral height
taken there is the thinnest of the supraorbital height mea-
surements, and its lateral torus length, from the temporal
ridge to the orbital border on the side (see Table 7, foot-
note ¢, below), is also smaller. In these observations WLH
50 is quite different from the Ngandong condition. Yet, the

Ngandong condition is not completely lost in the Austra-
lian fossil record. A number of the later adults from Kow
Swamp and Coobool have special thickening at the outer
corner of the torus, forming a frontal trigone similar to that
at Ngandong although, again, not as strongly expressed —
Kow Swamp 5, 8, 14; Coobool 50.10(R), 50.12, 50.15, 50.29,
40.41(L), 50.49, 50.65, 50.66, 50.76.

Webb (1989: 31) states: “the anterior brow morphology
of the Willandra series (WLH 18, 19, 50, and 68) seems to
be, in its general form, closer to that of the Choukoutien
sample than it is to Ngandong.”

We agree that the anterior brow region in some Pleisto-
cene fossils is more similar to WLH 50 than Ngandong is.
While this is not the case for the Zhoukoudian remains, in
later Middle Pleistocene Asians such as Dali there are sig-
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Figure 15. WLH 50 (left) compared with Ngandong 11 in frontal view, shown to the same approximate size. Many of the details that
can be seen are similar, including the distinct supraorbital notch in close to the same position, and the flatness of the frontal squama
between the temporal ridges. The supraorbital structures are quite thick in both cases. The most significant difference is the classic su-
praorbital torus in Ngandong 11 that, like many from Ngandong, is thickest at its most lateral extent, where there is a frontal trigone.
In contrast, WLH 50 has thick and well-developed superciliary arches, slightly divided from the lateral torus by a weak supraorbital
groove (see text for further details). Like most other differences discussed in the text, the WLH 50 condition is within the normal re-

cent/modern anatomical range in Australia.

nificant similarities to the WLH 50 anterior brow (Wu and
Athreya 2013). Dali also has a continuous osseous bar of the
same basic shape as WLH 50, in this case across the midline
because the region is preserved. There is significant arch-
ing corresponding to a superciliary arch and a more lateral
portion that is not as vertically tall and has a flat superior
surface that is continuous with the frontal squama. But un-
like WLH 50, Dali has no supraorbital trigones or notches,
nor do the surfaces of the two structures—the superciliary
arches and the lateral tori—meet along a juncture of two
different shapes forming the sides of a groove, they are con-
tinuous and even in curvature.

Posterior to the torus, and in addition to it, Weiden-
reich (1951: 249) considers “the manner in which the torus
portion is connected with the squama frontalis” as one of
the two special features of the Ngandong crania, the other
being the torus itself. As Weidenreich (1951: 251) describes
the region:

“contrary to the conditions in Sinanthropus, the tori are
not separated from the squama by a distinct sulcus su-
praorbitalis and glabellaris, but continue into the squama
itself without any demarcating impression, except for
the lateral halves of the supraorbital tori where they
build the zygomatic process.”

The condition he portrays is quite similar in WLH 50, where
no true sulcus appears behind the supraorbitals but rather
the surface slopes almost evenly up the frontal squama. In
WLH 50 and the Ngandong crania, there is a top to the su-
praorbital tori but this cannot be described as a combined,

continuous supraorbital sulcus and glabellar prominence
because it does not extend across the midline of the frontal.
Instead, the supraorbital sulcus alone exists, increasing in
extent from the middle of the frontal, where it does not ex-
ist, to the most lateral position, where there is an elongated
surface between the rim of the torus and the beginning of
the frontal squama that is the external manifestation of the
top of the orbit.

Another way to describe this anatomy in WLH 50 and
the Ngandong crania is that the anterior face of the fron-
tal squama is strongly curved in the horizontal plane, such
that at the middle of the bone it is directly over the glabella
position, but as it retreats from the torus laterally, an in-
creasingly longer superior orbital roof is created. Bearing
in mind that the roof is not angled strongly relative to the
frontal squama, as it is (for instance) in the Zhoukoudian
crania described in the Weidenreich citation above, at the
lateral-most position the length of this roof, from the an-
terior face of the squama to the superior supraorbital bor-
der, can be measured at about 32mm in WLH 50, similar to
29mm in Ng 11 where it is arguably most distinct among
the Ngandong crania.

Internal Surface
Weidenreich (1951: 250-251) describes the internal surface
of the Ngandong frontals thusly:

“on the cerebral side of the frontal squama of all the
skulls a broadly based frontal crest has developed ... it
rises from a point ... at about the level of the metopion
region. In all cases the ridge is very pronounced but
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TABLE 8. PARIETAL MEASURES (mm) AND INDICES FROM BREGMA.

bregma-

bregma- parietal parietal

lambda br-1 curvature  bregma- mastoid

(br-1) arc (br-1) asterion br-ast br-ast angle br-pma  br-pma

(M30) (M27) index (br-ast) arc index (br-pma) arc index
WLH 50 128.5 140.0 108.9 150.0 167.0 111.3 140.0 158.0 112.9
Solo 1 105.9 114.5 108.1 125.7 142.0 113.0 118.9 140.0 117.7
Solo 5 113.2 119.0 105.1 138.4 157.5 113.8 129.2 147.5 114.2
Solo 6 97.6 102.5 105.0 132.8 144.5 108.8 123.2 143.0 116.0
Solo 9 103.8 109.0 105.0 134.2 153.0 114.0 129.8 146.0 112.5
Solo 10 105.3 109.5 104.0 139.0 156.0 112.2 130.5 145.0 111.1
Solo 11 98.8 103.5 104.8 134.4 149.5 111.2 126.6 142.5 112.6

somewhat rounded. Contrary to the condition in mod-
ern man, there is no trace of a division into two lips al-
lowing space for the sagittal sinus.”

The WLH 50 frontal crest, as preserved, is shorter than
in the Ngandong adults, and neither as projecting nor as
sharp-edged. Its maximum height at the most anterior
point that is preserved is 8.2mm. The frontal crest extends
posteriorly for about 33mm, followed by a sagittal sulcus
that develops into a low torus up to the position of the coro-
nal suture, which cannot be discerned internally. This low
internal torus, about 14mm wide, is bordered by shallow
pitted grooves on both sides, about 13mm apart at the coro-
nal suture position. But whereas the Ngandong condition
lacks a sagittal sulcus posterior to it, in WLH 50 a sagittal
sulcus with its division into two lips begins immediately
posterior to the frontal crest, 35.5mm behind the most ante-
rior part of the crest that remains, or just about 68mm pos-
terior to glabella. The lips of the sulcus continue posteriorly
to the approximate position of metopion (endometopion),
diverging slightly with a barely projecting plane between.
Posterior to the endometopion position the structure con-
tinues to the coronal suture as a low torus some 10mm in
breadth, bordered on either side by a pitted sulcus. Most of
the pacchionian pits on the endocranial surface of the fron-
tal are along these sulci. Asymmetrically expressed menin-
geal grooves are preserved to about 25mm superior to the
broken edges of the bone, in a very anterior position.

The anterior of the frontal crest in WLH 50 is broken
at the frontal sinus so that its lower termination cannot
be seen. On the midline a small 6.5mm piece of the ante-
rior face of the sinus remains, about 8.5mm anterior to the
frontmost extent preserved of the frontal crest. There is a
much larger portion of the anterior face of a second sinus
attached to it. Addressing its estimated size, Webb (1989:
41) notes: “the frontal sinus of WLH 50 is large by any stan-
dard and makes a striking contrast to almost all other indi-

viduals in the [Willandra] series.” Exposed by the broken
internal surface on the left side, the sinus extends laterally
from the midline for 34.5mm, the external wall in its most
medial position preserved, some 6mm lateral to the mid-
line, is 4.7mm thick.

Parietal Bones

Neither of the WLH 50 parietals is complete. They share a
full sagittal edge, and on the left there is more-or-less con-
tinuous bone from the coronal to the lambdoidal sutures,
excepting some red wax patchwork visible in Figure 7. The
left side is complete to asterion and the parietal notch. An-
terior to this is about 25mm of the superior 20mm of the pa-
rietal’s bevel for the temporal squama, but, anterior to that,
the broken arc of the remaining bone’s border is superior to
this bevel and no indication of the position of the temporal
border of the parietal is preserved. The superior 90mm of
the coronal suture to bregma remains. On the right, the full
lambdoidal border also remains, but otherwise the bone is
not as complete. Unless noted otherwise the parietal de-
scription is of the left bone, and only the left side is illus-
trated in the (sometimes reversed) figures.

WLH 50, like the Ngandong crania, lacks distinct pa-
rietal bosses. The superior temporal line is barely discern-
ible on the bone surface from the coronal suture to the area
86mm posterior where the angular torus (described above)
begins. Even here, where the angular torus is most weakly
developed, a significant sulcus follows its superior border,
and this sulcus continues for the full extent of the torus, to
the lambdoidal suture which the sulcus follows to a posi-
tion some 10.5mm above and behind asterion.

Parietal size is reported in Table 8; Table 11 (below) re-
ports dimensions of the shared occipital border; and, Table
6 (above) reports the bone thickness. The WLH 50 parietals
are notably larger than those of Ngandong, where they can
be compared, and slightly more curved in the sagittal plane.
As described above, a low, broad sagittal keel extends for
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TABLE 9. A PARIETAL TRIANGLE
(formed by the three chords connecting at bregma, lambda, and asterion [given in mm)]).
The dimensions are specified for the other figures reported.
bregma- area of
lambda lambda- bregma- included angle at angle at angle at
(br-1) asterion asterion triangle bregma lambda asterion
(M30) (I-ast) (br-ast) (mm?) (degrees) (degrees) (degrees)
WLH 50 128.5 92.8 150.0 5926 38.0 83.7 58.4
Solo 1 105.9 87.6 125.7 4574 43.4 80.4 56.2
Solo 5 113.2 85.3 138.4 4822 38.0 87.2 54.8
Solo 6 97.6 86.4 132.8 4213 40.6 92.2 47.3
Solo 9 103.8 80.5 134.2 4174 36.6 92.6 50.6
Solo 10 105.3 84.4 139.0 4435 37.3 93.6 49.1
Solo 11 98.8 85.2 134.4 4201 39.3 93.6 47.2
Ng mean 104.1 84.9 134.1 4403 39.2 89.2 50.9
Ng adult o 5.6 2.4 4.8 259

57mm down the anterior half of the WLH 50 parietals; be-
hind it, the bone surface angles from where the keel ends
and flattens to lambda, these factors together creating the
slightly elevated curvature index along the superior sur-
face of the parietal. This is much like the Ngandong 9 con-
dition. The parietal curvature index for Ngandong is low
(mean of 105.3), unchanged from the index in earlier Indo-
nesians from Sangiran (Bapang-AG) and Sambungmachan
(Kaifu et al. 2008), and the WLH 50 parietal curvature index
(108.9) is almost as low as the Ngandong maximum (108.1).
Across the bone transversely (bregma to asterion or the pa-
rietal notch), the WLH 50 parietal is also flattened and the
curvature index is within the Ngandong range and below
the Ngandong mean. Curvature along the posterior border
(see Table 11 below) also does not differ from the Ngan-
dong condition.

The three preserved sides of the parietal define the sur-
face of an irregular triangle, with three included angles (Ta-
ble 9). The dimensions of the three sides for WLH 50 exceed
all of the Ngandong crania and the area of the included tri-
angle is 35% larger (5.9 0*') than mean value at Ngandong.
The difference for the dimensions of the preserved triangle
is greatest for the superior surface (bregma-lambda, WLH
50 is 4 o larger. Transversely the WLH 50 parietal is also
larger, but not as much so (for bregma-asterion, WLH 50 is
3.3 o larger). The shape difference reflects a relatively elon-

gated parietal bone. The included angles of the irregular
triangle are similar, in that the WLH 50 values can be found
within the Ngandong range for the angles at bregma and
lambda. However, the WLH 50 angle at asterion is above
the Ngandong range, reflecting the comparisons of the tri-
angle sides, above, wherein the WLH 50 bregma-lambda
length has the greatest difference from the Ngandong spec-
imens. Bregma-lambda is the side opposite the asterion
angle in the irregular triangle.

Vault thickness varies greatly across the bone (see Ta-
ble 6). Where comparisons can be made, WLH 50 parietal
thickness is exceptional and exceeds the Ngandong maxi-
mum at every measurement point except asterion, where it
matches the maximum. At some places away from the stan-
dardized points thickness is somewhat less; for instance,
attaining only 7.7mm at the posterior lower border of the
bone at the superior anterior position remaining on the
bevel for the temporal, 30mm anterior and superior to the
parietal notch.

On the endocranial surface, the sagittal sinus contin-
ues behind the coronal suture for greater than half the pa-
rietal’s length, corresponding to the external portion of the
parietal that is keeled. The sinus is double lipped for that
length. Pits occur along it and to either side. There are some
details of the impressions of the anterior middle meningeal
artery on both endocranial sides; where the sides can be
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compared, the arterial impressions differ. But the consider-
able breakage internally, as well as the broken edges of the
preserved bone, make it difficult to clearly discern the full
pattern of branches and ramifications on either side. The in-
ternal position of lambda and the course of the lambdoidal
suture near it can be seen, but for the most part the endo-
cranial portions of the lambdoidal and sagittal sutures are
closed and obliterated.

Temporal Bones

The temporal bones are only preserved posteriorly and
mostly externally; neither the petrous portion nor the an-
terior squama remains, though on the right side there is
posterior squama extending some 36mm anterior to the
parietal notch and 22mm above it, and, on the left, a 2Imm
length of the most posterior aspect of the 14.6mm tall bev-
eled surface on the left parietal shows where the posterior
temporal squama had been. The internal surface is sheared
away on both sides, exposing the internal pneumatised
structure of the mastoid region described below. Slightly
more of the internal bone surface remains on the left, but
here too the petrous pyramid is gone. Neither temporal is
complete enough for length measurements. Whether the
WLH 50 temporal bones show any of the unique tempo-
ral bone-related aspects described for Ngandong relative
to earlier Indonesians (Kaifu et al. 2008) can only be ad-
dressed for the mastoid process and a small part of the re-
gion around it.

Where comparisons are possible, the remaining por-
tions of temporal bone in WLH 50 are similar in size to the
Ngandong specimens. The left temporal is more complete,
comprised of the rear-most 65mm of the bone, extending to
asterion, absent any of the petrous portion, external audi-
tory meatus, or glenoid area. An arc formed by the edge of
the preserved bone continues from the anterior face of the
mastoid, extending along the side of the temporal just be-
low the position of the root of the zygomatic arch to the ap-
proximate position of the auricular point which is the most
anterior point preserved (see Figure 7); we do not believe
it extends as far anteriorly as the anterior rim of the exter-
nal auditory meatus. No evidence is preserved that would
indicate whether or not there was a postglenoid process.
Along this arc the bone surface is preserved externally but
not internally. None of the zygomatic root is preserved on
this side. However, on the right side the posterior 41mm
of the supramastoid crest is preserved on the temporal
squama, its most posterior aspect 18mm above the mastoid
notch.

At the equivalent position on the left, the outer bone
surface of the temporal squama is sheared away; however,
it does appear that the more anterior part of the lower bor-
der of the sheared area corresponds to the position of the
supramastoid crest on the right. This reaches the lower bor-
der of the preserved bone at the position we attribute to the
auricular point; immediately above and actually bordering
what may be the supramastoid crest, the outer bone surface
is sheared or broken away; below it the surface is preserved
as described above. Given its larger cranial capacity, what

TABLE 10. MEASURES OF THE
TEMPORAL BONE (mm).

parieto-mastoid
suture length:
au-ast ast-pma
WLH 50 58.0 27.0
Solo 1 48.2 31.0
Solo 5 60.7 32.0
Solo 6 57.4 29.0
Solo 9 64.6 34.0
Solo 10 57.7 31.0
Solo 11 55.1 31.0

remains of the WLH 50 temporal is not especially large
(Table 10). Parietomastoid suture length is smaller than any
Ngandong specimen. The 58mm distance from the approx-
imate position of the auricular point to asterion, at the back
of the bone, is only slightly larger than the 57.2mm Ngan-
dong mean. In another comparison, the distance from the
front edge of the mastoid process at its base to the most an-
terior point preserved where we believe the auricular point
lies in WLH 50 is about 20mm; the equivalent distance mea-
sured to the auricular point on Ng 5 is 17mm.

Most of the external portion of the mastoid process re-
mains on the left; it is short and triangular. The process is
more anterior-posteriorly narrowed and more pointed than
in the Ngandong mastoids. In general, while there is con-
siderable variation in the anatomy of the lateral mastoid
face at Ngandong, the left mastoid of WLH 50 most closely
resembles the left side of Ng 10 (see Figure 11). However,
the external face of the WLH 50 structure is curved and
cants medially to a slight degree although it is basically
oriented vertically. In all of the Ngandong mastoids the ex-
ternal face is more curved and cants even more strongly
medially, as seen from the rear (Figure 16). A low mastoid
crest extends down the middle of the external surface of the
WLH 50 mastoid; as described below, it is formed by the
superior branch of the nuchal ridge.

A short portion of the posterior aspect of the digastric
sulcus remains, defining the medial and posterior borders
of the mastoid process. As preserved, the mastoid process
projects some 5.5mm inferior to the floor of the digastric
sulcus, but this is not a true value, as an unknown portion
of the mastoid’s tip appears to be missing. Measurements
to mastoidale are not reported, as the correct position of this
point is unclear. The digastric sulcus is preserved for its
distal-most 9mm. This portion is shallow and broad, defi-
nitely broader than in any Ngandong specimen, but the an-
gulation of the sulcus relative to the cranial midline is close
to the same as in the Ngandong specimens that preserve
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NG 1

Figure 16. Posterior contour of WLH 50 is similar to the Ngandong crania, but the Australian vault is markedly taller. Shown are
views of three Ngandong crania and WLH 50, approximately scaled to the same maximum cranial breadth (WLH 50 maximum cra-
nial breadth is very close to the Ngandong mean), but in this comparison WLH 50 is more tilted backwards (on a transverse axis).
The greatest breadth of the WLH 50 vault is at its base, across the supramastoid crests, and other details of WLH 50 can be found in
each of the Ngandong crania. WLH 50 has a similar angulation between the parietal walls (higher and more vertical than in Ng) and
the similarly gabled roof. The walls themselves are gently curved in a similar manner. The eroded nuchal torus of WLH 50, with its
prominent tuberculum linearum, on inspection also closely resembles Ngandong crania, especially Ng 10. But the supreme nuchal
line delineating the top of the WLH 50 torus cannot be easily seen in this photograph or in Figure 12.

it. For the posterior portion preserved, a low and narrow periorly to the parietal notch and anteriorly above the

ridge, the lateral juxtamastoid, borders it medially. No cor- supramastoid crest. The cells themselves are uniformly
tical surface is preserved more medially. large, the largest being 13.9 mm at its greatest diameter.

e . . Medial portions of the mastoid region are missing, mak-
The pneumatisation is extensive. As described by Webb ing any comment about their spread in this direction

(1989: 41): impossible. It is likely, however, that the extent of pneu-
matisation in this direction was commensurate with that
“it extends posteriorly to the occipitomastoid border, su- observed in other robust individuals.”
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TABLE 11. MEASUREMENTS (mm) AND INDICES OF THE OCCIPITAL BONE.

lambda nuchal height
lambda- lambda- to lowest torus lateral
asterion l-ast l-ast to inion lowest inion- Inion- midline to

(I-ast) arc index (1-i) inion asterion  asterion  height inion
WLH 50 92.8 101.0 108.8 66.0 79.5 72.6 68.6 34.0 18.0
Solo 1 87.6 95.0 108.4 52.7 54.4 77.8 76.9 16.0 11.0
Solo 5 85.3 95.0 1114 62.4 67.9 73.2 70.7 26.4 16.3
Solo 6 86.4 90.0 104.2 59.7 59.7 73.3 73.3 14.0 10.5
Solo 9 80.5 87.5 108.7 61.8 66.2 79.5 76.8 20.7 13.2
Solo 10 84.4 91.0 107.8 55.1 55.1 67.3 67.3 22.3 18.0
Solo 11 85.2 92.0 108.0 69.6 72.5 76.4 73.5 21.0 14.0

Occipital

The occipital bone is only partially preserved. Virtually all
of the occipital plane remains, but only small portions of
the nuchal plane are preserved (much of which is incom-
plete or broken), and as noted above, erosion has destroyed
the outer bone table and an unknown amount of diploe
across the nuchal torus. The bone is large but comparative-
ly narrow, relative to the Ngandong occipitals. Biasterionic
breadth is less than all the Ngandong males, and only Ng
6 is smaller (see Table 5). Distances from lambda to inion
or asterion average about 10% greater than the Ngandong
mean (Table 11), although lambda to the lowest inion posi-
tion is markedly larger, reflecting the significant downward
turn of the superior nuchal lines at the midline to form a
prominent tuberculum linearum. No extrasutural bones oc-
cur at lambda, but some large ossicles are incorporated in
the lambdoidal suture.

As described above, the superior portion of the occiput
has a close-to vertical occipital face (see Figure 11). The ver-
tical face is formed by the bulge below lambda extending
through the upper portion of the occipital plane that helps
create the 29mm tall vertical surface reaching the superior
edge of a tall, elliptically rounded suprainiac fossa. A simi-
lar bulge appears on most Ngandong crania, but the sur-
face below it, while straight, is outwardly angled. Only Ng
1 is similar to WLH 50 in this region (see Figure 11). The
WLH 50 suprainiac fossa is 35mm in breadth, extending
for 19mm above the supreme nuchal line, and deepest just
above its inferior border (the supreme nuchal line). In fact,
the supratoral depression that extends along the supreme
nuchal line is limited to the base of the suprainiac fossa and
unlike the Ngandong condition, does not extend across the
entire width of the bone. Also unlike most of the Ngandong

crania this depression dips inferiorly (with the supreme nu-
chal line) at the midline*. The WLH 50 suprainiac fossa is
larger and more distinct than on any Ngandong specimen,
but Ng 9 is similar and smaller fossae can be found on Ng
6 and 11. The Ngandong fossae resemble the Neandertal
condition (Caspari 2005, and contra Trinkaus 2004) in that
they appear as an elliptical shape on a flattened somewhat
concave surface above the superior nuchal line, transverse-
ly elongated, with a rough, pocked surface. WLH 50 shares
these similarities. Lateral to the suprainiac fossa on the bet-
ter-preserved left, a supratoral sulcus continues to border
the superior surface of the nuchal torus, extending to the
position where the supreme and superior nuchal lines con-
verge to almost meet. This is 46mm from the midline of the
occiput, measured along the bone surface.

As noted, the external surface of the nuchal torus is
eroded between the distinct superior and supreme nuchal
lines, and at first glance this obscures some of the simi-
larities with nuchal tori in the Ngandong remains. It also
makes it inaccurate to determine the thickness of the to-
rus or arc lengths to inion that include the distance over
the torus. But even comparisons of the incomplete thick-
ness dimensions that are preserved on the remaining bone
of WLH 50, to Ngandong or the Herto cranium (see Table
6), strongly suggest the full thickness in this region would
have been quite exceptional.

While quite large, the WLH 50 nuchal torus does not
fully extend from one side of the occiput to the other. The
torus occupies the middle 70mm of the bone and was sig-
nificantly tallest at the midline because of the vertically
prominent tuberculum linearum. The full extent of its projec-
tion away from the bone is unknown because of erosion,
as noted, but the large, downward pointing triangle of the
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TABLE 12. ZYGOMATIC THICKNESS MEASUREMENTS (mm) FOR WLH 50 COMPARED
(comparisons are with Australian fossils and other hominids at the extremes

for dimensions where WLH 50 is unusual).
The breadth of the frontal pillar of the zygomatic is measured as the distance from the orbit rim to the posterior
of the pillar above jugale. The thicknesses are taken along the base of the zygomatic.

maximum thickness
frontal pillar | zygomatic thickness of the masseter
breadth at zygomaxillare attachment

WLH 50 17.9 14.0 12.0
Cohuna 13.1 12.4

Kow Swamp 1 12.2 11.6 7.8
Klasies 16651 17.8

Sangiran 17 (earlier regional) 21.9 13.3 11.5

OH 5 (broadest pillar) 29.4 14.4 14.0

SK 46 (thickest at zm) 11.7 16.3 8.5

ER 13750 (thickest at

masseter attachment) 14.0 12.8 14.5

tuberculum linearum almost doubles vertical height of the
torus at the midline, and the torus is vertically taller than
any of the Ngandong crania, to a considerable degree (see
Table 11). What remains of the WLH 50 nuchal torus ap-
pears much like Ngandong 5, but markedly larger. The to-
rus and the tuberculum are vertically taller in WLH 50 than
in any Ngandong specimen.

Only part of the posterior aspect of the nuchal plane is
preserved, including its lateral border up to the mastoid on
the left side. Lateral to the nuchal torus, the supreme and
superior nuchal lines converge but do not quite meet. They
delineate what we describe as a nuchal ridge (or much
smaller torus) just under 6mm in height (i.e., the lines are
about 6mm apart) that arcs from the nuchal torus laterally
across the occipital, crossing the occipitomastoid suture
on to the temporal 14.7mm inferior to asterion on the left.
WLH 50 lacks the retromastoid process that Weidenreich
describes and illustrates for the Ngandong crania. Had
there been one, we believe it would have been on the nu-
chal ridge we describe here, most probably at or close to the
position where it bifurcates.

Three elements combine to obscure some details in this
region or make them difficult to define: (1) the condition
of the bone surface, (2) a significant (repaired) break, and,
(3) the loss of most of the nuchal surface. Along the nu-
chal ridge on the occipital is the attachment area for a large
splenius capitis and sternocleidomastoid more laterally. The
nuchal ridge appears to bifurcate on the occipital, 4.6mm
posterior to the occipitomastoid suture. Almost exactly at
this point the 12mm segment of the linea obliquus that re-
mains extends anteromedially as the lateral border of the
semispinalis capitis insertion.

The superior branch of the nuchal ridge on the lateral

occipital continues anteriorly onto the mastoid process and,
turning inferiorly, becomes the mastoid crest, as described
above. The inferior branch travels 24mm in a parasagittal
direction to the broken edge of the nuchal plane. Although
key portions of the region are missing, we believe its anato-
my would have most closely resembled the anatomy of Ng
11%, and that (had it been preserved) the inferior branch
extended to form a medial juxtamastoid process. None of
the medial juxtamastoid process was preserved, apart from
the 9 anterior-most millimeters preserved of the inferior
branch that becomes markedly taller and more crest-like.
Medial to the mastoid process, a small portion of the
lateral juxtamastoid appears to remain (again assuming an
anatomy similar to that of Ng 11), separated from the mas-
toid by a shallow digastric groove. Thus as we reconstruct
the region, including its missing portions, there were both
medial and lateral juxtamastoid processes divided by an
occipital groove on the left side of the WLH 50 cranial base.

Zygomatic Bone

A part of an associated cheek bone was recovered, most of
a large zygomatic bone fragment (Figure 17) with a bone
thickness of 14mm at the base of the zygomaxillary suture,
and a maximum thickness of the masseter attachment on
the lower border of the bone of 12mm. This is an excep-
tional thickness, greater than other Australian fossils (Table
12) and a large dimension for hominid fossils generally*—
only robust australopithecines are thicker in this region.
A linear dimension we have comparative data for is the
breadth of the frontal pillar, the minimum distance from
the orbital rim to the posterior of the zygomatic column,
just above the jugale position. This dimension is larger than
in any recent human observed and in the Late Pleistocene
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Figure 17. Left partial zygomatic bone preserving much of the pillar with an eroded orbital border, some internal orbital surface, the
jugal notch, part of the lower border to the approximate zm position, and a small portion of the temporal process.

it is only matched by the large Klasies 16651 partial zygo-
matic. Among earlier remains, WLH 50 is matched by the
KNM-ER 3733 zygomatic dimension, and exceeded by ar-
chaic specimens such as Kabwe and Sangiran 10 and 17,
and greatly so by OH 5. The largest earlier zygomatic bone
from the region is that of Sangiran 17, a specimen with an
exceptionally broad face and large cheeks. The Sangiran
male has a broader frontal pillar, but the zygomatic thick-
nesses are slightly less than WLH 50.

In an unusual anatomy, there are two ridges parallel-
ing the zygomaxillary suture, one above it and the other
below.

It would be foolhardy to reconstruct the face from this
information about part of a zygomatic bone, but WLH 50
clearly had a large cheek, one of the largest known from the

Late Pleistocene, with support for masseter muscles pro-
viding significant masticatory strength. As noted above,
powerful mastication might contribute to the cranial vault
thickness of the specimen.

STATISTICAL APPROACHES
The observations and comparisons described above, and
many of the questions they address, are amenable to sta-
tistical analyses. These include both standard multivariate
approaches and testing that takes the characteristics of the
samples themselves as its basis. It is reasonable to expect
that if Australian populations descended from a mixture
of distinct ancestral groups from different geographic
sources, this should be demonstrable in a testable statistical
manner. This frames our approach to examining questions
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TABLE 13. SPECIMENS IN THE COMPARATIVE GROUPS
(for research reported in Hawks and colleagues [2000]).

Ngandong | Late Pleistocene Africans | Levantines
1 Jebel Irhoud 1 Skhul 5
4* Jebel Irhoud 2 Skhul 9
5 Laetoli 18 Qafzeh 6
6 Omo 1* Qafzeh 9
9 Omo 2
10 Singa
11

* Used only in the non-metric analysis

about the ancestry of WLH 50; most importantly, whether
Ngandong-like populations are among the ancestors of
WLH 50, and by inference of indigenous Australians. The
outcome is fundamental for evaluating hypotheses of Aus-
tralian ancestry, which themselves inform our knowledge
of the pattern of human evolution.

Although this is a question about ancestry, we do not
address it phylogenetically for reasons noted above—the
samples are too closely related under any hypothesis of
relationship. In fact, we believe both WLH 50 and its im-
mediate ancestors are most probably samples of potentially
interbreeding populations and thereby both lie within the
species, H. sapiens®. The basis for this assessment is in re-
search comparing the time of divergence of known mam-
malian species and measures of their interfertility (Curnoe
and Thorne 2003; Holliday 2006). Even under the most
generous interpretations of lineage divergence, different
putative ancestors of WLH 50 have not been separated for
long enough for significant reproductive isolation to be ex-
pected. This assessment is also supported by the analysis of
nDNA discussed below, and by observed mixtures of both
Neandertal and Denisovan nDNA with each other and in
many human populations.

This is why phylogenetic analysis is not appropriate.
The approach relies on the parsimony principle; when two
specimens have the same character state, the most prob-
able explanation is that they both inherited it from a last
common ancestor with the same character state. The limita-
tion for specimens of close relationship is that the parsimony
principle cannot be validly evoked when gene flow is also a po-
tential source of shared traits. Gene flow would be a differ-
ent source of similarity and its probability in any particular
case is not possible to assess. Therefore, our approach to
assessing these close relationships is to evaluate limited
hypotheses of ancestry based on patterns of similarity in
metric and non-metric comparisons.

We are not the first to approach the relationships of
WLH 50 in a multivariate manner. Stringer’s analysis
(1998) was the earliest to provide a phenetic analysis of
WLH 50. He did a Penrose size and shape analysis for 11
measurements, that indicated WLH 50 was most similar to

Skhul-Qafzeh, and most different from Ngandong. When
the size component is separated out, his analysis places the
specimen closest to Skhul-Qafzeh and the recent Australian
samples, further from the African “archaics” he considered,
and furthest from Ngandong. Stringer also used a Principal
Component Analysis to take the correlations between the
measurements into account.

In our discriminant function analysis reported below,
we also evaluate metric relationships with a standard mul-
tivariate approach. However, we also report on tests for
similarity based on non-metric observations that we and
our colleagues developed to test predictions for patterns of
phenetic similarities coming from hypotheses of ancestry
when a phylogenetic approach is inappropriate or cannot
be used. Some of these analyses were reported in Hawks
and colleagues (2000), with additional details in Wolpoff
and colleagues (2001).

DISCRIMINANT ANALYSIS OF METRIC DATA
Our metric evaluation is based on discriminant function
analysis of the metric observations preserved in WLH 50,
and best differentiating its potential ancestors from Africa,
the Levant, and Ngandong (Table 13). The function deter-
mined to discriminate these three samples was used to as-
sess the group affinity of WLH 50. In this instance we take
similarity to be a reflection of affinity, although there is no
possibility that WLH 50 actually belongs to any of these
three groups.

Using SPSS version 8.0.0, Hawks and colleagues cal-
culated a stepwise discriminant function using the Wilks’
Lambda statistic for a set of 21 measurements present in
the three samples and WLH 50. The advantage of this com-
monly used test statisticis that at each step it maximizes the
cohesiveness within each group without affecting the sepa-
ration between groups (Klecka 1980). The function (Table
14) correctly classified every member of the three groups.
These classifications of known specimens were without ex-
ception robust to cross-validation using the other known
specimens, confirming the utility of this set of measure-
ments for determining geographic origin.

The discriminant analysis resulted in two functions
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TABLE 14. UNSTANDARDIZED DISCRIMINANT FUNCTION COEFFICIENTS
(for the 5 variables chosen in the stepwise analysis to separate the three groups

samples from Indonesia, Africa and the Levant [Hawks et al. 2000]).
Calculations are based on the Wilks' Lambda statistic, and the functions are normalized around the origin.
These values reflect the absolute importance of the independent variables in contributing to discrimination.

Discriminant  Discriminant

Variable (mm) Function 1 Function 2
cranial length 0.396 -0.075
glabella-bregma 0.318 0.207
bregma-asterion arc -0.721 0.021
central parietal thickness 0.988 0.190
medial supraorbital height -0.508 0.039
(constant) 2.368 -13.541

that together correctly assigned all the specimens into
their geographic group, based on five of the original 21
variables (Figure 18). The first discriminant function ac-
counts for 99.1% of the among-group variance, and is high-
ly significant (p<0.001, Wilks’ Lambda test). The second
discriminant function accounts for the remaining 0.9% of
the among-group variance, but is not significant (p=0.192,
Wilks’ Lambda test).

These variables sort WLH 50 with the Ngandong
group to the exclusion of either the African or Levantine
group (see Figure 18). For the first discriminant function,
the squared Mahalanobis distance from WLH 50 to the
Ngandong centroid is 18.15, while that to the next closest

group centroid, Africans, is 74.48. Including the second dis-
criminant function, though it is not significant, tends to pull
WLH 50 away from all of the groups somewhat. The high
score on this discriminant function for WLH 50 appears to
reflect principally the long frontal length (glabella-bregma
distance) for this specimen, which though it exceeds every
other specimen in the analysis, is most similar to the value
for the largest African specimens.

For both functions taken together, the squared Maha-
lanobis distance from WLH 50 to the Ngandong centroid is
42.5, while that to the centroid of the next closest group, Af-
ricans, is 91.7, more than double. Based on these data, the
position of WLH 50 is significant at the 0.001 level. WLH

Discriminant Function Scores

»WLH 50
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o » Levantines
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Figure 18. Discriminant function scores, from Hawks and colleagues (2000). Function 1 accounts for 99.1 percent of the among-group
variance, and is highly significant (p<0.001, Wilks’ Lambda test). Function 2 accounts for the remaining 0.9 percent of the among-
group variance, but is insignificant (p=0.192, Wilks” Lambda test). Classification of WLH 50 with the Ngandong group is significant

at the 0.05 level.
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50 is unambiguously and significantly closest to the Ngan-
dong sample, according to this analysis. The point is not
whether WLH 50 is a Ngandong cranium, we know it is
not. The conclusion is that WLH 50 has significant phenetic
similarity to the Ngandong remains, and we interpret these
in the context of ancestry as framed by Ngandong’s earlier
date and close geographic proximity to WLH 50.

PAIRWISE DIFFERENCE ANALYSIS USING
NON-METRIC DATA

The second test we report was a pairwise difference analy-
sis using non-metric observations (from Hawks et al. 2000).
The numbers of differences of individuals compared with
WLH 50 for each of the traits studied were counted. This
both ignored each specimen’s a priori group assignments,
and avoided problems that could arise from scaling (Smith
1996), since WLH 50 is significantly larger than the Ngan-
dong specimens. Difference analysis provides an approach
to validly examine hypotheses of ancestry below the level
of species, where phylogenetic analysis is not appropriate.
In this case, it also has the advantage of using non-metric data.
This allows us to compare specimens of various sizes with-
out attempting to compensate for size differences, since
compensation often creates more problems than it solves
because of the assumptions size compensation approaches
often require.

For this test, 16 non-metric traits as described in Table
15 were scored for their presence or absence in each speci-
men. The traits were chosen with the goal of clearly de-
scribing the various anatomical features of WLH 50. To
maximize the data set Hawks and colleagues (including
MHW) developed, a complete list of features that could
be scored with good replicability and were homologous
for the crania studied. There was no a priori limitation to
the number of observations analyzed" and they were not
“cherry-picked” out of a larger set. The problems inherent
in these data, as with most fossil data, come from the lack
of data, not its overabundance.

A count was made of the number of differences in
these scores comparing WLH 50 and each of the 17 other
specimens (the 10 from Africa and the adjacent Levant, and
seven from Ngandong shown in Table 13). For instance, six
of the 16 traits were scored differently in WLH 50 and Omo
1 and this is reflected in Figure 19, which presents the com-
parisons in order of difference, from the least different to
most different. More individuals could be included in this
analysis than in the discriminant function analysis because
it is tolerant of missing data, as long as the missing data
are randomly distributed as is the case for these groups of
specimens (Kruskal-Wallis test, chi square=0.126, p=0.939).
In cases where a trait could not be scored on a specimen,
the trait was treated conservatively, as showing no differ-
ence in comparisons involving that individual.

Figure 19 shows that six of the seven Ngandong crania
are less different from WLH 50 than any other specimens
are, and the seventh Ngandong cranium is only separated
from the others by one specimen (Skhul 9). On average,
WLH 50 has strikingly fewer differences from the Ngan-

dong group (3.7 mean pairwise differences) than from
either the African group (9.3 mean differences) or the Le-
vantine group (7.3 mean differences). This pattern is statis-
tically significant, using the Wilcoxon-Mann-Whitney test.
WLH 50 is unquestionably less different from the speci-
mens from Ngandong than from any other group in its
non-metric traits. In the light of these significant statistics,
it is difficult to explain how such a pattern of differences
could appear by chance. Any (or all) of these groups are
potential ancestors for WLH 50; the minimum interpreta-
tion of our analysis is that Ngandong is one of the ancestors
of WLH 50.

Hawks et al. first presented this pairwise test in 2000.
Several papers from around that time and since have ad-
vanced arguments that pairwise analysis is not valid;
the Hawks et al. paper addressed one of these at length
(Stringer 1998). Since 2000, Brauer et al. (2004), Collard and
Franchino (2002), and Gordon and Wood (2013) presented
arguments addressing the validity of pairwise analysis for
phylogenetic issues. Gordon and Wood (2013: 465) “ad-
dress (1) whether these particular methods do what they
claim to do, and (2) whether such approaches can ever reli-
ably address the question of conspecificity,” and they con-
clude that the methods do not do what they claim to do,
and furthermore, any effort is futile because: “no pairwise
method can reliably answer the question of whether two
fossils are conspecific.”

We agree; as a general proposal this must be the case, as
the existence of sibling species (Mayr 1963) demonstrates.
However, for us, the more relevant issue is whether pair-
wise methods can be used to address questions of ancestry
below the species level. We do not need pairwise compari-
sons to test phylogenetic hypotheses. There is already an
established procedure to do this—cladistics—and the ques-
tion of whether a phenetic approach is more appropriate
than phylogenetics to resolve issues of phylogeny has, in
our opinion, been resolved long ago. We need not repeat
this debate here, and besides if we did, we would not be on
the side of phenetic analysis at and above the species level.
Our use of pairwise methodology is and has been to as-
certain differences below the species level where phylogenetic
analysis is not always valid because of reticulation, and to
address hypotheses of ancestry. This aspect of our analyses
has not been addressed, let alone invalidated.

Gordon and Wood (2013) are critical of pairwise anal-
yses because they are (p. 473): “highly dependent on the
number of variables involved in the comparison, ... and
on the specific set of variables considered”. We agree with
these assessments (Lee 2011) and have addressed them in
this and other research by including all of the variables that
are homologous and can be compared in our analyses.

STET (STANDARD ERROR TEST)

Unlike the pairwise difference analysis described above,
STET (Lee and Wolpoff 2005; Wolpoff and Lee 2001, 2006) is
an approach based on comparing linear homologous mea-
surements. STET compares pairs of specimens using all of
the measurements they have in common, in an approach
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The traits were chosen to represent all regions of the WLH 50 vault, be homologous and clearly definable on all of the specimens, and be
accurately replicable by different observers. The list of traits was finalized before there was any analysis.

1. Transversely Extensive Nuchal Torus: This feature is scored as present if a distinct nuchal torus defined by
superior and supreme nuchal lines extends transversely across the entire occipital bone.

2.  Sulcus Dividing the Medial and Lateral Elements of the Supraorbital Torus / Superciliary Arches: This feature
is scored as present if a clear sulcus can be identified that divides the supraorbital torus or superciliary arches,
whatever the case may be, into medial and lateral elements.

3. Frontal Sagittal Keel: A thickening along the midline of the frontal bone anterior to bregma. The feature is
scored as present if it can be either seen or felt. It need not extend along the entire length of the frontal bone.

identified anywhere along the suture.

4. Parietal Sagittal Keel: A thickening along the sagittal suture. This feature is scored as present as long as it can be

5.  “Rolled” Superior Margin of the Orbit: Scored as either blunt (present) or sharp (absent). If the margin is blunt
then the supraorbital surface grades evenly into the inferior surface of the frontal bone.

6. Suprainiac Fossa: An elliptic depression on the occiput above the superior nuchal line.

7. Temporal Line forms a Ridge: This feature is scored as present if the temporal lines form a ridge along the
frontal bone posterior to the post-orbital constriction.

8.  Projecting Inion: This feature is scored as present if the nuchal torus/line projects posteriorly at the most
inferior midline point along the superior nuchal lines.

9. Pre-Bregmatic Eminence: This feature is scored as present if a distinct eminence can be visually identified
anterior to bregma when viewing the specimen in Frankfurt Horizontal. If the frontal bone and the parietals
form an even curve in Frankfurt Horizontal then the feature is scored as absent (0).

and thickened ridge at its furthest backward extent.

10. Angular Torus: This feature is scored as present if the posterior temporalis muscle attachment forms a raised

11. Post-lambdoidal Eminence: This feature is scored as present if a distinct posteriorly projecting eminence can be
visually identified immediately posterior to lambda when viewed in Frankfurt Horizontal.

12. Linea Obliquus: This feature is scored as strongly developed if there is a clear line or ridge extending inferiorly
and anteriorly from the lateral portion of the nuchal line/torus.

portion of the supraorbital torus.

13. Lateral Frontal Trigone: A backward-facing triangular development at the lateral-most portion of the
supraorbital torus. The apex is created when a prominent temporal ridge meets a clear line on the anterior lateral

14. Mastoid Crest: This feature is scored as present if a distinct bony crest can be identified that extends inferiorly
and slightly anteriorly from the top of the mastoid process towards the tip of the mastoid process.

process.

15. Supramastoid Crest: This feature is scored as present if a distinct bony crest can be identified that curves
posteriorly and slightly superiorly from the root of the zygomatic arch on the temporal bone above the mastoid

16. Coronal Keel: A thickening of raised bone extending transversely from bregma along the coronal suture.

similar to the Q-mode approach Lovejoy (1979) proposed.
STET provides a method for quantifying similarity or dif-
ference for pairs of specimens within a species or between
closely related species where there are insufficient data for
a valid phylogenetic analysis.

The different comparisons addressed by STET need not
involve exactly the same set of measurements, but they do
require a minimum number of shared measurements (Lee
2011) for accuracy. The STET statistic is the uncertainty in
the value of the slope of the regression line calculated for
the measurements that are shared. This uncertainty pro-
vides an estimate of the phenetic similarity between a pair
of specimens. The requirement of a minimum number of
shared measurements addresses the accuracy of this uncer-

tainty. STET is tolerant of missing-data and it is comparable
for different pairs of comparisons of sufficient size. Thusly,
STET does not require that each comparison in a study be
based on exactly the same set of shared measurements.

This analysis of variation is pairwise, in that we com-
pare individuals two at a time. This provides a statistic that
can be used in evaluating null hypotheses (Figure 20; see
also Figure 21 and Tables 16-19 below). We may compare
all the specimens in a sample to each other for an assess-
ment of sample variation (e.g., see Table 16), a single speci-
men to all the specimens in a sample (e.g., see Table 18),
or all the specimens in one sample to all the specimens in
another (e.g., see Figure 20) to understand the pattern of
difference.
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Figure 19. Pairwise comparison of WLH 50 to Indonesian, African and Levantine specimens (Hawks et al. 2000) based on non-metric
observations (see Table 15). The comparisons are in order of the number of differences from WLH 50 —Ngandong 5 (furthest left) has
only two differences from WLH 50 while Singa (furthest right) has 13. The difference comparisons indicate the least differences, by
far, are with the Ngandong sample. Mean pairwise differences between Ngandong and African, and Ngandong and Levantine groups
are statistically significant at the 0.05 level (Wilcoxon-Mann-Whitney Test).

STET is calculated from the linear regression analysis for
bivariate comparisons between sets of homologous linear
measurements of individual specimens. The standard er-
ror of the regression slope (s.e.m) is a measure of its uncer-
tainty. Thus, contra Gordon and Wood (2013) STET reflects
the consequences of variation in both size and shape and
measures uncertainty, not deviation, in that STET reflects
the effects of “both geometric and allometric shape simi-
larities between crania rather than just geometric shape
similarity” (Aiello et al. 2000: 180). There are many cases
where the bivariate comparison is not symmetric around a
linear regression line, the regression of X on Y differs from
the regression of Y on X and the standard errors of the re-
gression slopes differ as well. We calculate standard errors
of the regression slopes (s.e.m) for the linear regression of X
on Y, and again for Y on X, and combine these as the square
root of the sum of the squares of the two. One could think
of STET as a hypotenuse joining the sides of a triangle de-
termined by the two orthogonal standard errors.

(1) STET = 100[(s.e.m, )*+(s.e.m )|

STET has several advantages. It does not require any
assumptions about the sample distributions; in specific,
it does not assume normality in the measurements com-
pared. Perhaps most importantly, STET tolerates missing
data and does not require their estimation. Lee (2011: 260)
notes: “because STET compares each pair of specimens us-
ing the measurements that are available for that particular
pair, not all specimens in a dataset need to have all the vari-
ables preserved.” In STET, comparisons of specimens that
do not preserve all the same anatomical regions are pos-
sible as long as each comparison also involves a sufficient
number of observations from shared anatomical regions.

Similar to disputes about pairwise difference analysis,
some authors argue that STET does not “work” (Gordon
and Wood 2013). This, of course, depends on what one
means by “work.” Gordon and Wood, in the aforemen-
tioned reference, maintain that shape similarity does not
imply conspecificity: “no pairwise method can reliably an-
swer the question of whether two fossils are conspecific”
(2013: 465). We agree. This is evident in cases of sibling spe-
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Figure 20. STET values for 53 variables within samples of Homo and Pan, and for a sample consisting of Homo-Pan pairs. These are
not constrained to the measurements known for WLH 50. From Wolpoff and Lee (2006).

cies (Mayr 1963), cases of mimicry (Jiggens et al. 2001) and
certain other cases of closely related groups (Kimbel and
Martin 1993), and of course has been evident to us:

“STET can only be used to refute the hypothesis of no
difference. The fundamental precept is asymmetrical:
sufficient difference can refute the same-species hypoth-
esis but similarity cannot refute the hypothesis of differ-
ent species” (Wolpoff and Lee 2001: 295).

STET, like the pairwise difference analysis, is a tool for
quantifying variation below the species level (Tables 16 and
17) or in closely related species (see Figure 20). STET com-
parisons at this level result in STET magnitudes that reflect
widely acknowledged similarities and differences®. Each
of the analytical approaches we discuss here is based on
different data sets and, in some cases, makes different as-
sumptions. But when they address hypotheses of ancestry,
for the most part, they provide the same results.

STET Analysis

Here, we use STET to examine hypotheses about ancestry
within a single evolving hominid lineage (c.f. Wolpoff et
al. 1994). STET helps this evaluation of ancestry for WLH
50 by providing an opportunity to refute the hypotheses of
a unique African ancestry for WLH 50, or a unique Ngan-
dong ancestry for it. In this use, STET is treated as a statistic
of variation, combining all the measurements possible on

each specimen. The relation of specimens in pairs provides
a way to examine variability in many interrelated metrics
at the same time, without making any assumptions about
which measures have greater importance. A classic multi-
variate approach would weigh the measurements by their
contribution to the total variance, an approach that might
be indicated when sample sizes are large. However, in
these fossils, the sample sizes are so small that they cannot
be used to reliably estimate the form of the variance/covari-
ance matrix, and estimating the missing data or copying
the variance/covariance matrix from a larger sample will
bias the results and make them dependent on the matrix
used, and not on the variation of the sample (Ahern et al.
2005). The comparison of STET values between samples is
an approach that avoids making these assumptions.

African ancestry was evaluated from similarities with
the Later Pleistocene African remains earlier than WLH 50,
attributed to early modern humans. Without measuring the
plaster part of the reconstruction, Omo 1 is too incomplete
for these comparisons, and while Herto BOU-VP-16/1 is
largely complete, not enough measurements are published
to calculate STET with accuracy (Lee 2011). Inclusion of this
key cranium awaits a more detailed publication, or avail-
ability of an accurate cast. The remainder of the African
sample is reported in Table 18.

Ngandong ancestry was evaluated by first calculating
STET from paired comparisons of crania within the Ngan-
dong sample (see Table 16) for a sense of STET variation
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The number of measurement pairs in these comparisons ranged between 48 and 56,
numbers limited by the variables that could also be observed for WLH 50.

Ngl Ng5 Ng6 Ng9 Ngil0
Ng5 2.28
Ng 6 230  2.66
Ng9 247 174 234
Ng 10 2.39 177 1.99 1.37
Ng11 268  2.06 1.81 1.97 1.94

The Ngandong comparison (from Table 16) is constrained to use only the measurements known
for WLH 50, the others are not. CMNH is the Cleveland Museum of Natural History.

Mean Maximum Minimum

WITHIN

H. sapiens (CMNH sample) 1.50 4.11 0.59
Pan 1.68 3.10 0.82
Ngandong 212 2.68 1.37
Skhul and Qafzeh 2.34 4.30 1.13
Sterkfontein 2.45 3.25 1.34
Swartkrans 2.46 3.89 1.77
BETWEEN

African-Ngandong 2.92 441 2.12
Pan-Homo 5.98 8.03 3.86

Red indicates the specimen STET value is larger than the WLH 50 STET.
If WLH 50 and the older African sample were on a lineage that was divergent from the lineage

including Ngandong, we would expect WLH 50 to be the most different from Ngandong because
the genetic distance from Ngandong to WLH 50 would be the genetic distance from WLH 50 to the

last common ancestor plus the genetic distance from that last common ancestor to Ngandong.
However, WLH 50 is not the most different from Ngandong.

Ng1
WLH 50 3.20
Omo 2 297
LH 18 2.87

Jebel Irhoud1 249

Jebel Irhoud 2 2.70

Ng5
2.51
2.17
2.54
2.27

3.08

Ng 6
4.00
3.40
441
2.76

3.47

Ng9 Ngl10 Ngl1
279 293 3.25
256 272 2.49
342  3.22 4.03
213 241 2.78

272 3.01 3.42
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TABLE 19. STET VALUES FOR AFRICAN FOSSILS PAIRED WITH WLH 50.

WLH50 Omo2 LH18 Jebel Irhoud1
Omo 2 1.86
LH 18 2.65 3.08
Jebel Irhoud 1 2.89 2.66 2.59
Jebel Irhoud 2 3.47 3.45 3.56 2.04

within the sample. The measurements used in this and all
other STET comparisons are constrained by the measure-
ments that can be taken on WLH 50, except when indi-
cated, so that the data are comparable. The comparisons
ranged between 47 and 56 homologous linear measure-
ments from the original Ngandong specimens. The specific
measurements from the WLH 50 measurement set used
in each pairing, of course, depend on the preservation of
the two specimens being compared, but the comparisons
mostly overlapped.

STET values within the Ngandong sample (see Table
16) ranged from 1.37 to 2.68, with a mean of 2.12 (see Ta-
ble 17). This is a bit larger than the Pan (1.68) and Homo
(1.50) within-sample means (each of these represented by
53 measurement pairs), but well within their individual
ranges. Earlier (Wolpoff and Lee 2001), we reported on
STET values within the Skhul and Qafzeh sample (n=6, 11
paired comparisons with sufficient sample size), and a sim-
ilar number of comparisons for Swartkrans and for Sterk-
fontein (Wolpoff and Lee 2006). These are also shown in
Table 17 and are similar to Ngandong. In marked contrast,
the mixed Pan-Homo STET average was much larger—5.98

(range of individual paired values: 3.86-8.03).

One might expect the STET values comparing every in-
dividual within the Africans sample with every individual
within the Ngandong sample to be unusually high, if these
represented the end-points for different, diverging lineag-
es, according to some researchers separated for as long as
600,000 years. As it turns out, these STET values are not
as high as the STET values of the mixed Pan-Homo sample,
although they do exceed the values for any individual sam-
ple (see Table 17). We take these comparisons to indicate
that the STET values for the groupings used here and in
other analyses are not unexpectedly great.

How Similar is WLH 50 to Ngandong and to the African
Sample?

STET analysis provides a way of comparing WLH 50 to the
crania from Ngandong (see Table 18) and to the earlier Af-
ricans (Ngaloba (LH 18), Omo 2, and the two Jebel Irhoud
crania [see Table 18; Table 19]). Figure 21 combines the in-
formation in these tables. The critical information is not in
the individual comparisons with WLH 50, but in their pat-
tern of variation. The resulting pattern of STET values ad-

STET Values compared with WLH 50
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Figure 21. Combining the information in Tables 18 and 19, STET values are shown for WLH 50 individually paired with African (red)
and Indonesian (black) specimens. The resulting pattern of STET values addresses hypotheses of ancestry of WLH 50. A Sample Runs
Test comparing African and Ngandong values does not reject randomness to this order at <0.05; neither sample is a unique ancestor.
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dresses whether a unique African ancestry (red bars) or a
unique Ngandong (black bars) ancestry for WLH 50 can be
refuted. A unique African ancestry would be suggested if
most or all of the small STET values were with the African
specimens, a unique Ngandong ancestry would be sug-
gested if most or all of the small STET values were with
the Ngandong specimens. Neither is the case. Taking all the
comparisons into account, there is no pattern to the order
of which crania are more similar to WLH 50 — Africans or
Ngandong. A Sample Runs Test does not reject random-
ness to this order at p<0.05. This provides a good case for
rejecting both hypotheses; the implication is that WLH 50
has a mixed ancestry.

SUMMARY OF RESULTS FROM THE
STATISTICAL APPROACHES

In Some Tests Reported Above, WLH 50 is Most Like the
Ngandong Sample

The discriminant function (see Figure 18) determined from
the metric data preserved in WLH 50 that best differenti-
ates earlier crania from Africa, the Levantine, and Ngan-
dong, correctly assigned all specimens into their group.
The function used five of the original 21 variables. It sorts
WLH 50 with the Ngandong group to the exclusion of ei-
ther the African or Levantine group. For the first discrimi-
nant function, accounting for 99.1% of the among-group
variance, the squared Mahalanobis distance from WLH 50
to the Ngandong centroid is 18.15, while that to the next
closest group centroid, Africans, is 74.48.

In the pairwise difference analysis (see Figure 19) us-
ing non-metric data from the crania, six of the seven Ngan-
dong crania have fewer differences from WLH 50 than
any other specimens, and the seventh Ngandong cranium
is only separated from the others by one specimen (Skhul
9). On average, WLH 50 possesses fewer differences from
the Ngandong group (3.7 mean pairwise differences) than
from either the African group (9.3 mean differences) or
from the Levantine group (7.3 mean differences) groups.
This pattern is significant—WLH 50 is unquestionably less
different from the Ngandong crania than from any other
group in its non-metric traits. It is unlikely that the pattern
of differences is due to chance.

In Other Tests, the Hypothesis of Multiple Ancestry
(Africans and Ngandong) for WLH 50 Cannot be
Rejected

The Standard Error Test (STET) provides comparison of
pairs of specimens using all of the measurements they have
in common, without stipulating that each comparison in-
volves exactly the same set of measurements. It estimates
the similarities of specimen pairs by measuring the uncer-
tainty in the value of the slope of the regression line calcu-
lated for the measurements that are shared in each case.
STET comparisons of the Ngandong crania to each other
provided values similar to those within living taxa and less
than those from other fossil samples such as Skhul and Qa-
fzeh, or the Sterkfontein hominids.

When the African and Ngandong STET comparisons
with WLH 50 are illustrated in an ordered pairwise distri-
bution (see Figure 21), a Sample Runs Test does not reject
randomness to this order at p<0.05, indicating the hypothe-
sis of a mixed ancestry of Africans and Ngandong for WLH
50 cannot be rejected.

GENETIC BASIS FOR
MIXED AUSTRALIAN ANCESTRY

Ancient DNA has not been successfully extracted from
WLH 50, and current knowledge suggests it is unlikely that
it ever will be. But it is possible to discuss the position of
WLH 50 in the framework of what is known of the genetic
history of Australia, and the regions nearby. Many of the
earlier hypotheses about the pattern of migrations to the
continent and the sources of the migrants have been con-
firmed by genetic analysis, including paleogenetics. Analy-
sis of the 100 year old nuclear genome (nDNA) reported
for an Australian male, chosen to minimize the chances of
European admixture (Rasmussen et al. 2011), concludes
that the ancestors of this individual, and possibly of many
other Australians, were part of an Asian lineage that sepa-
rated from the gene pool of all other contemporary non-
African populations approximately 70 kyr ago. Other ge-
netic evidence now available demonstrates mixture for
this, and other lineages: “it is becoming increasingly diffi-
cult to imagine a structure model that can fully explain the
complex pattern of archaic ancestry in non-Africans with-
out invoking any restricted admixture events with archaic
humans” (Skoglund and Jakobsson 2011: 18305). Explana-
tions of human prehistory assuming the Eve replacement
theory can no longer be considered.

“The recent finding that significant interbreeding oc-
curred between Neanderthals and modern populations
refutes the long-standing model that proposes all living
humans trace their ancestry exclusively back to a small
African population that expanded and completely re-
placed archaic human species, without any interbreed-
ing” (d’Errico and Stringer 2011: 1060).

This is compatible with the conclusions we have reached
here.

The research reported here based on anatomical com-
parisons independently suggests that mixed ancestry is a
well supported interpretation of indigenous Australian
anatomical variation, in the same sense that mixed ancestry
is a well supported explanation for recent European varia-
tion (Wolpoff et al. 2001). The recent genetic history of Eu-
rope largely reflects the dispersals of hunter/gatherers into
Europe as the ice age came to an end, and later of farmers
into Europe from portions of western Asia. The indigenous
European hunter/gatherers of the Late Pleistocene had rela-
tively little input into the gene pool of Neolithic Europeans.
In southern and southeastern Asia, the recent genetic his-
tory similarly reflects mixture with successive Late Pleisto-
cene and Holocene dispersals across Asia. Agriculture did
not reach Australia at this time, although domestic dogs
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did, minimally by 3,450 bp + 95 (Milham and Thompson
1976).

Earlier in the Pleistocene history of these regions, Eu-
rope is also a good analogy for Australia, in the sense that
the Late Pleistocene populations there are a consequence of
mixture. In both regions there is a historic confusion of geo-
graphic source with evolutionary status. For Australia this
has meant confusing an indigenous Indonesian source with
“robust” and “archaic” cranial anatomy; in Europe this has
meant an indigenous European source with introgression
from (what was thought of as) a different (Neandertal) spe-
cies. The many interbreeding events that are now under-
stood to have taken place across Eurasia during the Late
Pleistocene, from Europe to Australia (Wolpoff et al. 2001;
Wolpoff and Lee 2012), means adaptive genes were able
to disperse widely, under selection, between populations
(Hawks 2013). Many, if not most, of these adaptive genes
originated in African populations, as the majority of genes
in the human gene pool today are of African origins.

In some discussions of Australian prehistory it has
seemed important that the earliest dated crania were rec-
ognized as gracile (i.e, “modern”) and not robust (i.e.,
“archaic”). This was taken as a disproof of an evolution-
ary sequence from a robust condition to a more gracile one,
similar to other parts of the world, and indeed it would
have been a disproof! But in Australia the robust crania
were not more “archaic,” and they did not evolve into
more gracile (=“modern”) populations. The robust crania
differed because they included some ancestors from dif-
ferent places; we have argued here from skeletal evidence
that one of these different places was very likely Pleistocene
Indonesia. Every known Australian fossil sample of more
than one or two individuals has combinations of anatomi-
cal features that indicate ancestors from several geographic
regions. This reflects a history of mixture of populations
from different sources.

One implication is that as Howells (1967: 339) noted
early on, the sequence of dispersals from different source
populations does not matter. The differences between
populations entering Australia, contra Webb and others,
are not of evolutionary grade (“modern” or “archaic” spe-
cies), but of source area (for instance China or Indonesia?).
And for this reason, the question of which region the earli-
est migrants were from® is not pertinent; this is solely an
archaeological and historical issue. The question important
in earlier discussions—which migrants were first—is not
relevant in the context of evolutionary processes described
this way.

MTDNA

Current archaeological reconstructions of the peopling of
Australia and nearby lands indicate numerous and complex
events (Balme 2013; Bednarik 2003; Bellwood et al. 1995;
Davidson 2010; Flood 2006; Hiscock 2008; O’Connell and
Allen 2004, 2012; Webb 2006). One driving factor was no
doubt the “huge sea-level rises that flooded much of Greater
Australia, reducing it to the present day archipelago” (Hill
et al. 2007: 40). We believe complexity is also indicated in

mtDNA studies. The strongest signals from the post-glacial
world “appear to result from the movement and expansion
of indigenous, rather than introgressive, mtDNA lineages
(op. cit.).” Along with the rest of the world, the region also
was subject to both earlier and ongoing population disper-
sals as the world population increased. Paleogenetics is a
useful approach for evaluating these reconstructions based
on current genetic diversity.

MtDNA (as well as Y haplotype) analysis supports a
generally Asian source for Australian and New Guinean
populations, but does not indicate that there was a single
source population (Jinam et al. 2012; van Holst Pellekaan
2012). One possibility is that there was an early migration to
New Guinea, followed by a second migration from South-
east Asia (van Holst Pellekaan and Harding 2006) prior to
the compacting, following reductions in habitable land ar-
eas as sea level rose at the end of the ice age. Some of the
oldest haplotypes are shared in both Australian and New
Guinean peoples, while others are specific to each place
(Friedlaender et al. 2007), a consequence of the most recent
period of isolation during higher sea levels. The problem
is that it is hard to distinguish the various models of mi-
gration source or sources from mtDNA alone. McEvoy and
colleagues used a suite of genome-wide SNPs to argue:

“The clear phylogenetic grouping of the Aboriginal Aus-
tralians with other Near Oceania samples, from New
Guinea and Melanesia, favors the common origin hy-
pothesis for the original settlement of the Pleistocene
Sahul continent. ... The most parsimonious explanation
is a single settlement of the Sahul, ... followed by dif-
ferentiation into subregional populations. However, we
cannot formally distinguish between this and an initial
separation and isolation of the proto-Sahul population
in mainland Eurasia followed by multiple ancient mi-
grations to various locations in the Sahul” (McEvoy et
al. 2010: 303), emphasis added.

Across the region there is evidence of a high level of
mtDNA lineage diversity (Smith et al. 2007), and much
as the reconstructions of Australian habitation have con-
verged on the models of numerous migrations, mtDNA
shows the history of the whole region to be far more com-
plex than first thought (Hill et al. 2007; van Holst Pellekaan
2012; Xu et al. 2012). A complex genetic history suggests
multiple geographic sources and several migrations.

“Collectively, these [archaeological and genetic] data
suggest that the cultural and genetic history of Austral-
asia is more complex than a single dispersal model such
as “Out-of-Africa 2” allows” (Smith et al 2007: 298).

In living Australians, mtDNA variation reflects the pat-
tern of Australian migrations in a broad regional context.
Bellwood (1997) suggests Island Southeast Asia (Indone-
sia, East Malaysia, and the Philippines) was colonized at a
time similar to the time of the first Australian migrations,
by peoples “related to the indigenous people of Australia
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and New Guinea ... [in the] mid-Holocene immigration of
the ancestors of most of the present-day inhabitants” (Hill
et al. 2007: 29). Some of the migrants to the Australasian re-
gion came in earlier (10-30 kyr) migrations from the Asian
mainland (Jinam et al. 2012).

Reich and colleagues (2010) showed mtDNA also ad-
dresses earlier issues in Asian and Australian prehistory.
The Denisovan mtDNA identified from the Siberian finds,
is markedly different from Neandertal and recent human
mtDNA. Within the Denisovan mtDNA, Susanna Sawyer
from Paabo’s lab showed that that the mtDNA from one
of the teeth indicates greater Denisovan mtDNA variation
than is known for either Neandertals or living humans
(Pennisi 2013). Even older mtDNA on the Denisovan clade
was recovered (Meyer et al. 2014) in specimens from the
430 kyr® Spanish site of Sima de los Huesos (SH).

Our comparisons of WLH 50 with some of the earlier
inhabitants of Indonesia, described above, suggest that
anatomical variation in Australia today reflects a mix of
sources, just as the genetic evidence does (this is a con-
servative interpretation of the mtDNA [Huopenen et al.
2001]). Mixed ancestry is directly reflected in the pattern of
nDNA variation.

NDNA
The Denisovan mtDNA clade is a sister group to the
mtDNA clades of Neandertals and recent/living humans
(Meyer et al. 2014). But, mtDNA alone is not necessarily
sufficient to examine hypotheses of relationship above the
population level (Ballard and Whitlock 2004; Eyre-Walker
2006). The fact that the Sima de los Huesos mtDNA is on
the Denisovan mtDNA clade and not the Neandertal mtD-
NA clade has seemed inexplicable since the abundant Sima
de los Huesos skeletal remains share features with later
European Neandertals that are uniquely common in the
Neandertal sample (Arsuaga et al. 1997, Martinén-Torres
et al. 2012). The Sima de los Huesos hominids are unques-
tionably one of the ancestors of the later Neandertals. We
believe absence of mtDNA continuity, in the face of these
anatomical similarities, indicates a pattern of reticulation
in the nuclear genome that cannot be reflected in mtDNA.
Nuclear and mtDNA give different phylogenies for the
same specimens because of their different patterns of evo-
lution; mtDNA evolves with branching and extinction of
lineages because the entire mtDNA genome is inherited as
a whole, while nDNA both branches and reticulates so that
gene flow is a powerful mechanism altering the structure of
population relationships. Besides, Denisovan mtDNA, like
the Neandertal anatomical form, can no longer be found.
The comparison of nDNA analyzed from the Denisova
Cave specimen with Neandertal mtDNA shows that Nean-
dertals and Denisovans together are a sister group to recent
and living humans (Priifer et al. 2014). The implications of
nDNA studies to date were summarized by Hawks (2013:
441):

“The pattern of variation outside Africa appears to reflect
interbreeding among populations that were much more

separate during the period before 100,000 years ago, in-
cluding the Neandertals and Denisovans. This historical
pattern is not uncommon among mammals (Hawks &
Cochran 2006), for which reproductive incompatibility
has rarely evolved in a period shorter than one million
years (Holliday 2006). ... the recurrence of this pattern
within and outside Africa and the geographic specific-
ity of Denisovan and Neandertal descendants both show
that interbreeding among these ancient people recurred
within their habitats. Neandertals and Denisovans were
part of the biological species Homo sapiens. Today’s
people around the world are a relict mixture of popula-
tions from an ancient species much more genetically
and morphologically diverse than now” (emphasis
ours).

We agree with this appraisal (Wolpoff et al. 1994). Accept-
ing that Neandertals and Denisovans are sister groups
within the species Homo sapiens, there remains a funda-
mental difference between them. As far as the fossil record
is concerned, we cannot identify who the Denisovans are
(Wolpoff 2014). While there are almost certainly Denisovan
fossils in the hands of paleoanthropologists today, we can-
not recognize them, and it is even possible that there never
was a recognizable sample of Denisovans in the sense that
there is a recognizable sample of European Neandertals.
Reasons for this are discussed below. In our view none of
the skeletal remains of the Late Pleistocene (<50 kyr: Priifer
et al. 2014) hominids from the Denisova cave have diag-
nostic anatomy. Only limited inference is possible from the
range of modern human populations containing detectable
frequencies of Denisovan nDNA, almost invariably from
Island Southeast Asia, Australia, and Oceania (Reich et al.
2011), where the frequencies of Denisovan genomes are be-
tween 1% and 6%.

We describe the problem this way. There is no dispar-
ity between the phylogenies describing Neandertal mtD-
NA and their nDNA relationships, as evidenced by the fact
that even the toe phalanx from the Denisovan cave with
mtDNA close to that of European Neandertals also has a
nuclear genome that closely resembles European Neander-
tals (Priifer et al. 2014; Skoglund et al. 2014). This is not
necessarily because the mtDNA and nDNA relationships
are fundamentally different in Neandertals and Deniso-
vans, but because the groups themselves, Neandertals and
Denisovans, were quite differently defined historically. For
more than 150 years, Neandertals have been identified by
their skeletal anatomy as expressed in Western and Central
Europe. In more far flung places near the observed edges
of the Neandertal range their diagnosis is not always clear,
as discussions about specimens from the Levant (Amud,
Tabun), North Africa (Jebel Irhoud 1,2) and Central Asia
(Teshik Tash) demonstrate. Each of these examples has
been diagnosed as Neandertal by some authors, and as
somewhat different from Neandertals by others. But this
is rarely the case for skeletal remains in Western and Cen-
tral Europe, where anatomical identification as Neandertal
has been unambiguous and for the most part without con-
troversy. Having made these anatomical identifications,
the mtDNA subsequently recovered thus far from Euro-
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pean and Asian (anatomically identified) Neandertals are
branches of a single mtDNA clade.

Denisovans, on the other hand, have not been described
anatomically. Their phylogenetic relationships are based on
mtDNA alone, portrayed by the position of a hand phalanx
and two molars from the Denisovan Cave in Siberia on an
mtDNA tree (Krause et al. 2010). But the subsequent high-
coverage nDNA sequence (Meyer et al 2012) shows more
complex phylogenetic relationships. And the relationship
of specimens with Denisovan mtDNA to Neandertals on
the tree of mtDNA relationships (Meyer et al. 2014) differs
from the relationship that anatomy suggests when Sima de
los Huesos is also considered. As noted above, anatomy
indicates that Sima de los Huesos is one of the ancestors
of European Neandertals, but not necessarily of all living
humans (Arsuaga et al. 1997; Martinén-Torres et al. 2012).
We do not know whether fossil specimens with Denisovan
mtDNA are anatomically similar to each other, in the sense
that European Neandertals are (Wolpoff 2014).

WHO THE DENISOVANS MIGHT HAVE BEEN
We propose that the problem of identifying Denisovan
anatomy can be indirectly addressed. The modern frequen-
cies of Denisovan nDNA are highest in Australia (Cooper
and Stringer 2013). For a good portion of Australian prehis-
tory the continent appears to have only been sparsely in-
habited®, and significant expansions to late Holocene pop-
ulation levels began less than 10,000 years ago (Williams
2013). The key importance of low Pleistocene population
sizes for most of Australian prehistory is in the potential
effects of even a low magnitude of gene flow on the current
nDNA variation®. The significant population size expan-
sions in the late Australian Holocene are similar to popula-
tion histories in most regions of the world (Cochran and
Harpending 2009; Hawks et al. 2007; Wolpoff and Caspari
2013). This is one of the reasons we expect that however
low the magnitude of Australian gene flow from the rest of
the world may have been, many of the genes that entered
Australia were adaptive genes that dispersed quickly un-
der selection through Australian populations®.

From past Siberia to present Australia, we can infer that
Denisovan haplotypes were quite wide-ranging in the Late
Pleistocene.

“Denisovan genetic material [is] present in eastern South-
east Asians and Oceanians (Mamanwa, Australians, and
New Guineans). ... Our evidence of a Southeast Asian
location for the Denisovan admixture thus suggests that
Denisovans were spread across a wider ecological and geo-
graphic region—from the deciduous forests of Siberia to the
tropics —than any other hominin with the exception of modern
humans.” (Reich et al. 2011: 23; our italics)

During the earlier period of low population levels, in one
of the earlier dispersals of the Late Pleistocene, some of the
ancient nuclear haplotypes known across Asia must have
reached the Australian continent in sufficient numbers to
remain today despite later dispersals (Reyes-Centeno et

al. 2014). We posit that haplotypes remaining in Australia
from this time include Denisovans, now at 6%. But there
are also Neandertal haplotypes found across East Asia.

Frequencies of Neandertal genes across Asia do not dif-
fer much from those across Europe. East Asians must surely
be the source of the Neandertal haplotypes in Australia. In
mainland East Asia there are also adaptive introgressions
from Denisovans (Huerta-Sanchez et al. 2014), although
overall, there is only a ~0.2% Denisovan contribution to
populations from both mainland Asia and the Americas
(Priifer et al. 2014). Even at the ~40 kyr Tianyuan site near
Zhoukoudian in China (Shang et al. 2007), nDNA from the
skeletal material lacks discernible Denisovan DNA (Fu et
al. 2013). The Denisovan contribution to nDNA of popu-
lations from New Guinea and Australia is some 25 times
greater than the above-mentioned contributions to main-
land Asia and the Americas (Priifer et al. 2014). Meyer and
colleagues (2012) demonstrated that the highest frequen-
cies of Denisovan nDNA in living populations are found
in indigenous Australians (~6%) and similar or slightly less
in New Guineans. More broadly, current populations with
significant amounts of Denisovan nDNA are only found
east of Wallace’s Line (Cooper and Stringer 2013). Sequenc-
ing of the nDNA for a 100-year-old indigenous Australian
(Rasmussen et al. 2011) revealed a mix of Denisovan and
Neandertal haplotypes in his ancestry. Admixture with
Neandertals was at about the same proportions as Nean-
dertal admixture found in Asian sequences, but there was
much more Denisovan admixture in this Australian than in
continental Asians.

Cooper and Stringer (2013: 322) write: “The apparent
absence of Denisovan introgression in current mainland
populations is most easily explained through overwrit-
ing by the DNA of incoming East Asian populations in
areas other than Island Southeast Asia”. Our expectation
is the presence of Denisovan introgression in indigenous
Australians and New Guineans represent descent from an
earlier Australian population with significant Denisovan
presence. Rasmussen and colleagues conclude: “Our find-
ings support the hypothesis that present-day Aboriginal
Australians descend from the earliest humans to occupy
Australia®, likely representing one of the oldest continuous
populations outside Africa” (Rasmussen et al. 2011: 94).
Australians today descend from both these earlier Austra-
lians, and from a number of other Asian populations that
later entered the region, as described above.

We cannot be sure who the earlier people carrying
Denisovan haplotypes to Australia were. As noted above,
there are no diagnostic skeletal remains from the Denisova
cave to help with this, and only limited inference is pos-
sible from the Denisovan range. But if we begin with the
assessment that the immediate ancestry of Australians is
from populations inhabiting regions closest to Australia,
one of the key conclusions of this research, and are mindful
that the Denisovan haplotypes are unlikely to be from East
Asians or Southeast Asian populations as they are consti-
tuted today, the other potential nearby source of Deniso-
van haplotypes would be from the Ngandong folk. We have
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no Ngandong DNA, but in view of the anatomical comparisons
we have presented, and the geography of the region, where else
could the significant Denisovan contribution have come
from?

SUMMARY AND CONCLUSIONS

The appearance and evolution of modern human popula-
tions in Late Pleistocene Australia was part of one of the
last chapters in the long history of human evolution. In this
study we have focused on one key specimen, WLH 50, and
concluded that the Ngandong folk, or a population similar
to them, were one of the ancestors of WLH 50, and thereby
of later Australians. We do not suggest these phylogenetic
relationships as a hypothesis; it cannot be tested, at least
with current technology. We propose it as an explanation
that is compatible with the existing anatomical evidence
and observations, and optimistically hope that testing will
be possible some day. If significant Denisovan ancestry for
the Ngandong folk is a reasonable interpretation, the impli-
cations are far-reaching.

“Until the Denisova genome was found, many paleoan-
thropologists assumed that South and East Asian popu-
lations of the early Late Pleistocene were relict popula-
tions of Homo erectus, representing a relatively static
population history from the initial human habitation of
Asia. The Denisova genome appears inconsistent with
that static model” (Hawks 2013: 441).

TAXONOMIC ASSESSMENT

The taxonomic assessment for WLH 50 is straightforward
to evaluate, and universally accepted—WLH 50 is an ex-
ample of Late Pleistocene Homo sapiens. The comparisons
discussed here confirm this diagnosis, although they raise
issues of taxonomy for our comparative sample from
Ngandong. From their study of Indonesian hominid evolu-
tion leading to the Ngandong sample, Kaifu and colleagues
(2008: 776) characterize the concluding portion of this evo-
lution as follows: “Javanese H. erectus [including Ngan-
dong] evolved along a somewhat different path from the
lineage that led to H. sapiens.” Others who have studied the
Indonesian remains also regard Ngandong as H. erectus, a
late surviving lineage of Indonesian hominids (Antén 2003,
Antoén et al. 2007; Huffman et al. 2010; Indriati et al. 2011;
Rightmire, 1990).

We do not believe there is anything wrong with the
logic of this position, as far as it goes. But none of these re-
search papers included comparisons of Ngandong with hu-
man remains from Pleistocene Australia. We contend that if
they had it done so, a different interpretation of the place of
Ngandong in human evolution is possible. The similarities
that WLH 50 and certain other Australian fossils have with
Ngandong include aspects of the Ngandong remains that
Kaifu and colleagues consider unusual or unique in the
region. This supports the contention that Australians have
some of their ancestry from these Indonesians, or a popula-
tion similar to them. At the very least, these resemblances
create a phylogenetically ambiguous situation. Unless one

is willing to consider the possibility that all of these samples
of early-to-late Pleistocene Homo are in the species H. sapi-
ens, the description that the Ngandong remains are both H.
erectus (from the demonstration of similarities to Sangiran)
and H. sapiens (from the demonstration that Ngandong is
one of the ancestors of WLH 50 and other Australians) de-
fines a lineage that is difficult to name, because no evidence
places fossil Australians in H. erectus.

Instead, every modern scientist who is familiar with
the Australian fossil record agrees that by virtue of all of
their anatomy, and the time, place, and cultural associa-
tions where they are found, every Australian fossil now
known is unquestionably H. sapiens. If similarities indicate
that Ngandong, or a population like it, is among the ances-
tors of Australians, including WLH 50 and other Australian
fossil remains, the evolutionary pathway that Kaifu and
colleagues, Anton, and others describe in Australasia can-
not be portrayed as “a somewhat different path from the
lineage that led to H. sapiens” because this path did de-
monstrably lead to H. sapiens.

This is a phylogenetic interpretation that is based on
evidence of reticulation. It creates a taxonomic problem
that disappears if H. erectus and H. sapiens are recognized
as two successive species on a lineage without cladogen-
esis—in this case Ngandong would both be legitimately
and necessarily classified as H. sapiens (Wolpoff et al. 1994).

THE ROLE OF WLH 50 IN UNDERSTANDING
HUMAN EVOLUTION

WLH 50 is the ~26,000 kyr (16.5-37.4 kyr) year old calotte of
a 1540cc young-to-middle-aged modern human male found
in dune deposits near one of the Willandra lakes in New
South Wales, Australia. It is not deformed, or otherwise al-
tered by pathology, and most of its characteristics can be
individually found in other Late Pleistocene/Holocene Aus-
tralians. This large vault is key to the understanding of how
Australia informs the worldwide pattern of Pleistocene hu-
man evolution. It is the focus of this work because of its
long-recognized similarities to the crania from Ngandong,
the sample older in time and closer in space than any other
outside of Australia.

We have striven to provide a description and com-
parative analysis of WLH 50 addressing both issues of its
normality and similarity to other Australian fossil remains,
and the specific question of whether anatomical compari-
sons demonstrate a disproof of the hypothesis that Ngan-
dong, or a sample like it, is one of its ancestors. Our evalu-
ation shows that WLH 50 demonstrates reticulation, in that
the preponderance of comparisons show significant simi-
larities between WLH 50 and one or more of the Ngandong
crania, some unique to this comparison. No other cranium
or group of crania from outside of Australia or Indonesia
has nearly as many similarities to WLH 50.

But WLH 50 is not actually a member of a Ngandong-
like population. No Ngandong specimen is exactly like
WLH 50, the size difference alone assures this. All crania
have idiosyncrasies, but the ways in which WLH 50 is not
similar to the Ngandong sample, for the most part, are
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in characteristics for which it resembles recent and living
populations, including Australians. Some but certainly not
all of these are related to its large cranial capacity. We con-
clude from our comparisons and statistical analyses that
there are anatomical details sufficient in form and number
to strongly suggest that a Ngandong-like population is one
of its ancestors; in other words, the hypothesis of Ngan-
dong ancestry for WLH 50 cannot be disproved. We imply
from our comparisons and statistical analyses that because
the pattern of cranial evolution in Australia resembles that
in other parts of the world at the same time, there was suf-
ficient continuing gene flow from the rest of the world to
allow adaptive genes to reach the Australian continent,
where they dispersed.

As for the particular pathways of descent in Austra-
lia, the discussions of the anatomical features of WLH 50
and their comparisons with the Ngandong remains reveals
both a number of specific resemblances to one or more of
the Ngandong crania, and other comparisons that indicate
how WLH 50 differs from all of the Ngandong remains.
These were reviewed in a statistical manner, in the sec-
tion on STATISTICAL APPROACHES. The comparative
samples were both from Ngandong, and from earlier Af-
ricans and, in some comparisons, cranial remains from the
Levant. In some tests WLH 50 is most like the Ngandong
sample, while in others a hypothesis of multiple ancestral
sources for WLH 50 could not be rejected. In no case was
the African or Levant sample most similar to WLH 50, and
no other Asian population fills this role. While Africa is the
ultimate source for all human lineages and their popula-
tions, the fact that no Pleistocene African or West Asian
sample is demonstrated to be a unique ancestor of WLH
50 addresses the long-disputed hypotheses of Australian
origins—at least in this case we can say with the degree
of certainty that these small samples allow, Australian an-
cestry is from multiple regions, and is neither directly nor
uniquely African.

Are these conclusions surprising? Our work suggests
that some Pleistocene Australian remains show evidence of
a mixture of ancestors, which has long been suspected. An-
atomical and genetic comparisons show that the immediate
ancestors of Australians are from populations geographi-
cally closest to Australia, the Indonesians from Ngandong,
and nearby populations of East Asia. Ngandong is only one
thread of many ancestors that can be inferred, but itis an in-
teresting one because it might also account for the relative-
ly high percentage of Denisovan genes found in Australia,
compared with other regions around the periphery of Asia
(Cooper and Stringer 2013). The people who migrated to
Australia were mixed, and their ancestry was mixed. There
are, after all, Neandertal genes in Australia, even though no
Neandertal ever lived there and the same is most likely true
of Denisovans. The anatomical comparisons, the main part
of this work, suggest that in spite of these ancient mixtures,
the populations having the greatest influence on Australian
anatomical variation were the closest—Pleistocene Indone-
sians, and Pleistocene populations from East Asia.

In the broader context, the pattern of complex ancestry

and the direction of evolution for WLH 50 are compatible
with the hypothesis of multiregional evolution (Caspari
and Wolpoff 2013; Thorne and Wolpoff 2003; Wolpoff and
Caspari 1997). For the most part, the present work has not
been about this wider issue, but focuses on the compara-
tive anatomy of WLH 50, and the specifics of its place in
Australian and Australasian prehistory. But the context for
the significance of WLH 50 is in the broader discussions of
human evolution that acknowledge the key importance of
gene flow and mixture.

The Australasian situation is not fundamentally differ-
ent from that of Late Pleistocene Europe or of other periph-
eries. After the initial Early Pleistocene dispersals, evidence
from the peripheries demonstrates the consequences of
continued, significant, and numerous cases of mixture, as
populations entering peripheral regions encountered pop-
ulations evincing local ancestry (Thorne and Wolpoff 1981;
Wolpoff et al. 2001). This is a pattern found all across the
human range during the Pleistocene. Evidence of introgres-
sions with older populations is found in both perhipheral
and more central groups indicating that all human popula-
tions carry evidence of mixture with other human lineages
(perhaps in some cases subspecies, Wolpoff 2009), some
ancient and some contemporary to them. There have been
many pathways leading to modern humanity, because all
human populations share modernity through their inter-
connections (Caspari and Wolpoff 2013).
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ENDNOTES

1. In this paper we use Weidenreich’s cranial numbers for the Ngan-
dong crania, in Arabic form.

2. Curnoe (2011: 3) writes that Birdsell (1967b) cited a personal com-
munication from Weidenreich that shows he “changed his mind late
in life and also thought Australians had a dual ancestry.” But Birdsell
was incorrect. This was not a change of mind; as we show in the ci-
tation quotes (Weidenreich 1943: 248-250), Weidenreich had clearly



10.

11.

12.
13.

14.
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published his assessment of a dual ancestry for Australians earlier, as
he developed his model of how human evolution worked.

Modern authors such as Westaway and Groves (2009) who continue
to describe Weidenreich’s position as “linear evolution in the region”
(p. 91) are inaccurate, in that they ignore Weidenreich’s own writ-
ings on the issue as cited above, as well as the publications of others
who detailed the fallaciousness of this assertion (e.g., Caspari and
Wolpoff 1996; Wolpoff and Caspari 1997).

The addition of more than 22 specimens from Kow Swamp, the Wil-
landra Lake sample of more than 133 specimens, and Coobool Creek
(n=126), to the handful of specimens known to Weidenreich dramati-
cally increased the Australian fossil record, and more have followed
these discoveries. Many of the cataloged specimens are small frag-
ments or individual teeth, but a good number are mostly or partially
complete crania and thus amenable to comparative analysis.
Although Webb (2006) posits the opposite order of colonization.

We believe that “robustness” is an overused and imprecise descrip-
tion in paleoanthropology. Over the years it has come to mean
“strong,” “large,” “rugged,” “well-developed,” “powerful mastica-
tion” as in robust australopithecines, “thick” as in robust mandibular
corpus that is broad relative to its height, “with strong ridges and
tori,” or in this case, “similar to Late Pleistocene Indonesians.”
Possible exceptions are Kow Swamp 8 and WLH 3.

We do not choose to describe this as hybridizing; the populations
involved are not as distinct as Neandertals were from penecontem-
porary Africans, a case of mixture that has been described as hybrid-
ization (Wolpoff 2009).

According to Kennedy (1991: 390): “the ectocranial keels may be
characterized as discrete linear areas of thickened bone, not associ-
ated with muscle attachments, situated along suture lines and radiat-
ing from bregma”. Balzeau (2013) notes “keels or the bregmatic emi-
nence defined by external vault surface observations do not always
correspond to a real vault thickening” (emphasis added). Sagittal
keels are not all the same; in Homo erectus, for instance, the Chinese
specimens tend to have transversely narrower and vertically taller
keels (Wu 1998) compared to the Indonesians. By these definitions
and descriptions, the WLH 50 sagittal keel is especially similar to
specimens from Ngandong, and the structures observed are homolo-
gous.

Huffman and colleagues (2010) establish that the Solo River depos-
ited most or all of the Ngandong crania in the basal bone bed of the
Ngandong formation. The evidence they cite suggests a single de-
pository event, and that most or all of the individuals died not long
before it and were not transported far. Indriati and colleagues (2011)
report an *’Ar/*Ar age estimate of 546+12 kyr from water-borne par-
ticles of pumice from the bone bed the hominids were associated
with, and of 143 kyr +20/-17 kyr from ESR/U-series analysis of fauna
from the bed.

Our approach has been to take every measurement and observation
that is possible with reasonable accuracy and replicability on WLH
50, and compare these with the homologous measurements and ob-
servations on Ngandong.

We follow Weidenreich’s (1951) terminology throughout.

This has not prevented some authors from continuing to maintain
that cranial deformation in the Australian fossil record prevents
researchers from validly testing hypotheses of relationship; for in-
stance Lieberman (2011), who incorrectly asserts “several studies
have shown that these more recent fossils look superficially archaic
because of artificial cranial deformation” (p. 560). In fact, the stud-
ies Lieberman cited are those also cited in this text that demonstrate
while some Australian fossil crania show evidence of artificial cranial
deformation, others do not. Among those crania that lack evidence of
artificial deformation are specimens that are key to the ancestry discus-
sions, including KS 1 and WLH 50.

Glabella, the most anterior point on the cranial vault in approximate
Frankfurt Horizontal, is on the superior border of the supraorbital to-
rus, and it is the superior border that extends most medially on both
sides of the preserved anterior of WLH 50. Our identification of the
glabella position between the preserved halves of the structure is ac-
curate; the cranial length determined from it (see Table 2) is the same
as the cranial length reported by Curnoe and Thorne (2006a: Table 1),
and only one mm greater than the length reported by Stringer (1998).

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Herto BOU-VP-16/1 (see Table 6) is thicker than Amud 1, but it does
not come close to the WLH 50 thicknesses except for the thickness
at opisthocranion, which is 18mm in the Herto cranium and greater
than 18mm by an unknown amount in WLH 50.

Here and in other comparative discussions, it is best for the reader
to access the relevant figure or figures to better understand details as
they are described. This makes best use of the comparative figures.
Curnoe (2009, 2011) attributes the great robustness of WLH 50 to a
combination of its large neurocranial size and its narrow cranial base,
admitting that other factors such as its sex and age contributed to
a lesser degree as well. But there is a problem. Narrowing in these
cases is described by the ratio (index) of biauricular breadth to cra-
nial length (2009: Table 2). The 65.1 index Curnoe gives for WLH
50 is unlike his “H. erectus” mean of 72.6 and similar to his “early
anatomically modern H. sapiens” mean of 65.7, allowing the WLH
50 vault to be described as relatively narrow. However, a number of
archaic specimens with smaller neurocrania have similar relative cra-
nial base narrowing with robust superstructures, indicating that the
combination of size and cranial base narrowing is not causal. These
individuals and their ratios are: Kabwe (64.4), Ng 5 (67.0), and Dali
(67.2). OH 9 (67.3) is an equally narrow “H. erectus” specimen, the
relatively narrowest in the sample.

Marsh (2013) demonstrated that cranial thickness measurements are
sensitive to position. In comparing crania, homologous points must
be accurately determined. Otherwise, comparisons may incorporate
variation from inaccurate positioning that does not reflect specimen
differences or similarities. Her solution was to superimpose grids
over crania scaled to cranial length, to determine homologous points.
That is not possible in these comparisons, and thickness evaluations
at defined osteometric points such as lambda or bregma provide us
with the basis for the greatest accuracy in comparisons.
Weidenreich writes (1951: 225): “the fossa supraglabellaris is absent
in the Ngandong skulls; the forus supraorbitalis passes away imper-
ceptibly in the frontal bone with a fluent, barely curved line.” This
also describes WLH 50. We believe it a matter of emphasis and taste
whether the fossa supraglabellaris is described as absent or as weakly
developed in these specimens.

Not to be confused with supraorbital thickness at the most lateral
position (as in measurement 34 of Table 2, Kaifu et al. 2008), this posi-
tion is not preserved on either side of the WLH 50 torus.

In this comparison and the comparisons following that express the
difference from Ngandong in units of the standard deviation, the o
value used is the standard deviation of the Ngandong crania for the
relevant measurement.

Only the Ng 11 cranial rear resembles this condition, and the down-
ward dip at the midline is not as pronounced, nor was it obviously
caused by an enlarged suprainiac fossa.

Key elements of the WLH 50 cranial base medial to the mastoid pro-
cess were not preserved, but some of the nuchal plane does remain,
as we describe. There is much variation in this area of the skull and
we can never be certain about the missing portions of WLH 50. But
the anatomy that best fits the lines and crests that remain WLH 50 is
that of Ng 11, and we believe the best-supported hypothesis is that
Ng 11 reflects the missing portions of WLH 50. None of the preserved
anatomy disproves it.

There are no Ngandong zygomatic bones for comparison. Sangiran
17 has the largest of the earlier zygomatic bones from the region.
Westaway and Groves (2009) confuse this issue in their discussion
of whether Ngandong traits can be validly identified in fossil and
recent Australian samples. They argue that the claim of multiple
ancestors for Australians that includes Ngandong Indonesians is
impossible because it would necessitate the hybridization of two
different species. This is an example of assuming their conclusions,
since a different interpretation would be that successful interbreed-
ing between populations from different geographic sources would
be a demonstration that the populations were in the same species. In
fact, what demonstration could be more convincing than successful
interbreeding?

In Figure 20 we compared humans to Pan, the living primate sister
species. One of us (Lee 2011) recorded 53 homologous observations
for Homo (n=113) and Pan (n=44) crania at the Cleveland Museum of
Natural History, and STET was calculated for all inter-species and
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intra-species combinations. The intraspecific STET distributions for
Homo and Pan are virtually identical, while the interspecific Homo-
Pan STET distribution is almost completely outside the ranges of
these two (see Table 17). For these closely related living taxa, STET
describes the variability and unambiguously separates intra- and in-
ter-species variation. Within sites such as Ngandong, Skhul-Qafzeh,
Sterkfontein, and Swartkrans, STET values are lower than in the Ho-
mo-Pan comparisons (see Table 17).

27. But not limited to China or Indonesia. For instance, analyzing ge-
nome-wide SNP data, Pugach and colleagues (2013) report evidence
of an ancient association between populations of Australia, New
Guinea, and a Negrito group from the Philippines, as well as recent
(4230 years BP) gene flow to Australia from India.

28. In the sense that the order of ancestry does not provide a test for the
pattern of ancestry.

29. The date for the Sima de los Huesos hominids is most recently re-
ported at approximately 430 kyr (Arsuaga et al. 2014). For the pur-
poses of this discussion it is not important where the correct date
lies, only that it is older than European Neandertals. Ultimately,
however, this will be an important date assessment because it marks
the first known appearance of mtDNA that shares a common ances-
tor with Denisovan rather than Neanderthal mtDNAs.

30. This is a quite different assessment than prior suggestions (Birdsell
1957 and others following) that there was an early ecological satura-
tion of the continent with population numbers for most of Australian
prehistory at or close to the levels present when Europeans first be-
gan to colonize.

31. For instance, we may speculate about the possibility of a magnitude
of immigrants that are visible genetically but may have been too
small to leave archaeological traces (e.g., Mulvaney and Kamminga
1999).

32.  Aswe have noted, even neutral models indicate there was significant
gene flow throughout the continent (Habgood and Franklin 2008),
and worldwide Pleistocene gene flow is indicated by the fact that
nDNA and mtDNA phylogenies differ.

33. We take this to mean that one of the ancestral lines leading to pres-
ent-day indigenous Australians extended from the earliest humans
to occupy the continent.
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