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Table 5: Basic statistics (in mm) of four Western Australian male cranial samples, for 15 of the measurements used in the

comparison with New South Wales male crania.

Group and Max. Max. Basi Bas:- Bas.- Bi- Supra  Bi- Nas.- Nas.- Max- Nasal Orb. Orb. Inter-

statistic cran. cran, breg. prosth. nasion zygom. orbit. fronto. pros. naso.  alv. br. br. ht. orbit,
length Dbr. ht. br. temp. spin. br.

NORTHERN

N 22 21 20 19 19 19 22 21 20 19 19 20 19 19 20

X 187.82 130.95 132.45 102.63 102,05 91.11 110.23 98.33 68.00 48.84 65.583 28.06 40.88 34.36 21.60

S.D. 6.37 5.12 5,22 4.89 4,75 5.53 3.99 553 5.10 3.48 4.38 3.41 2,92 3.30 1.85

CENTRAL

N 30 29 28 22 24 27 29 28 25 26 26 26 26 26 28

X 187.37 181.31 129.61 104.59 100.71 93.11 109.62 97.96 70.40 51.15 66.23 28.31 40.09 33.66 21.71

S.D. 7.41 4,98 5.38 4.63 5.24 6.06 4.72 6.09 5.74 7.40 3.22 2.66 3.11 2.73 1.94

SOUTHERN

N 10 11 10 5 9 7 9 9 6 6 7 8 7 7 9

X 186.30 132.82 133.50 102.60 102.56 93.14 109.22 101.11 66.33 47.33 65.57 26.70 39.84 3116 22,78

S.D. 3.71 3.31 6.01 3.85 3.81 5.31 3.71 571  2.07 2.68 2.76 1.36 1.63 1.31 2.49

EASTERN

N 6 6 6 6 6 6 6 6 6 6 6 6 6 1 6

X 186.00 128.17 131.00 100.67 97.17 92.83 110.83 96.00 66.00 45.33 63.33 27.93 41.20 32.57 22.38

S.D. 2.76 4,79 2.61 5.32 3.54 4.27 2.64 3.35 3.79 2.81 2.73 1.73 1.97 1.63 2.81
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Table 6: Basic statistics (in mm) of four Western Australian male cranial samples, for the most highly weighted variables from
the cranial canonical analyses, plus 4 indices discussed in the text.

Group and Breg.- Breg.- Porion- Porion- Lambd.- Lambd.- Lambd.- Inion- Bi- Bi- Bi- Bi- Bi-

statistic lambd. lambd. breg. breg. opisth. opisth. inion opisth. fronto malar coron. steph. zygion
chord arc chord arc chord arc sphen, br,

NORTHERN

N 22 22 21 21 22

X 115.64 128.32 126.67 151.24 938.50

S.D. 5.69 7.75 5.76 7.44 591

CENTRAL

N 31 31 31 31 29

X 115.27 127.74 124.90 150.29 93.69

S.D. 4.75 5.94 4.92 5.81 5.01

SOUTHERN

N 11 11 10 10 11

X 114.82 129.00 125.70 153.10 96.09

S.D. 5.46 7.95 4.81 7.08 4.93

EASTERN

N 6 6 6 6 6

X 118.83 130.83 124.50 147.67 89.67

S.D. 4.45 5.35 2.07 3.27 4.41




Table 6 (continued)

Group and Nas.- Nas.- Bi- Bi- Bi- Nas.- Mast.  Nas.- Bi- Breg.- Porion- Lambd.- Nas.-
statistic breg. breg. auric. porion porion breg. ht. opis. bast. lambd. breg. opisth. breg.
chord arc chord arc subt. thion. occip. ch./arc ch./arc ch./arc ch./are
NORTHERN
N 21 21 19 19 19 21 19 21 19 22 21 22 21
X 113.33 128.67 117.63 113.11 299.26 24.33 29.26 136.00 21.21 90.12 83.83 80.58 87.71
S.D. 5.57 7.25 5.87 5.89 12.19 2.73 2.64 5.59 1.62 1.94 2.56 2.89 2.74
CENTRAL
w N 31 31 28 29 29 29 29 28 25 30 30 28 30
MoX 112.13 128.00 119.00 112.24 298.38 24.96 31.72 134.48 21.68 90.16 83.34 8144 87.76
S.D. 5.11 7.13 4.68 4,82 10.68 2.60 3.85 4,18 2.67 2.22 1.99 3.05 1.52
SOUTHERN
N 11 11 9 8 8 11 10 11 8 11 10 11 11
X 112.82 128.82 118.33 111.50 303.37 24.82 30.30 13473 21.63 89.53 83.14 82.47 88.48
S.D. 3.34 6.65 4.18 3.51 12.83 2.32 4.64 4.05 1.51 3.33 2.58 3.61 3.34
EASTERN
N 6 6 6 6 6 6 5 6 6 6 6 6 6
X 108.67 128.00 118.67 114.00 293.50 26.67 29.60 132.33 20.83 90.85 84.34 81.52 84.88
S.D. 5.92 5,21 2.73 2.37 4.42 2.25 1.52 3.20 0.98 1.53 2.12 1.17 2.53




Table 7: Canonical variate means for four Western Australian male samples, using 50
cranial variables,

Samples Canonical Variate Means
CV.1 CV.2 C.V.3

Northern 4,747 11.922 10.114
Central -0.086 13.789 13.781
Southern ~-5.470 12.905 7.349
Eastern -1.009 5.430 13.048
Canonical root: 11.983 ¢ 7.1381 5.5664
% of variance accounted for: 48.6 28.9 22.5
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Fig. 2: Plot of canonical variate 1 means against canonical variate 2 means for the
4 Western Australian male cranial samples, using 50 variables.
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Table 8: Canonical variate analysis of four Western Australian male cranial samples, using 50 cranial variables.

Unweighted Weighted
Variate I Variate II Variate III Variate I Variate 11 Variate III
Maximum cranial length -0.066 0.113 0.035 -0.412 0.698 0.220
Maximum cranial breadth -0.182 -0.111 -0.583 ~0.902 -0.549 -2.896
Basi-bregmatic height 0.127 -0.589 -0.131 0.632 -2.788 ~0.652
Nasion-opisthion 0.326 -0.435 -0.454 1.446 -1.923 -2.012
Basion-prosthion -0.531 0.093 0.201 -2.549 0.445 0.966
Basion-nasion -0.087 0.454 -0.087 -0.041 2.143 -0.411
Fronto-malar orbitale auriculare -0.176 -0.176 0.145 -0.660 -0.627 0.517
Nasion-prosthion 0.297 ~0.198 0.057 1.459 -0.974 0.281
Lambda-opisthocranion 0.034 -0.069 ~-0.088 0.360 -0.620 -0.254
Lambda-inion -0.389 -0.235 -0.082 -2.927 -1.768 ~0.616
Inion-opisthion -0.446 -0.082 0.015 ~2.799 -0.514 0.097
Opisthion-opisthocranion ~0.006 0.006 0.039 -0.881 0.048 0.287
Basion-sphenobasion -0.240 0.240 0.224 -0.711 0.640 0.597
Bi-malar breadth 0.034 -0.034 -0.075 2.536 -0.190 -0.423
Bi-zygomaxillare -0.038 -0.238 -0.213 -0.215 -1.329 ~1.181
Bi-zygion -0.402 0.405 0.257 -1.991 2.005 1.274
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Table 8 (continued)

Unweighted Weighted
Variate I Variate 11 Variate III Variate I Variate 11 Variate III
Bi-auriculare 0.399 -0.664 ~0.154 0.198 ~-3.293 -0.763
Bi-mastoid 0.175 0.175 ~0.190 0.388 0.786 -0.854
Bi-infratemporale 0.007 0.007 0.309 0.897 0.031 1.292
Bi-frontomalar orbitale -0.222 -0.222 -0.310 -0.087 -0.961 -1.345
Bi-ectoconchion -0.265 0.190 0.136 -0.919 0.659 0.472
Bi-coronalia -0.258 0.258 -0.340 -1.224 1.098 -1.445
Bi-stephanion ~0.007 -0.007 0.246 -1.239 -0.052 1.626
Supra-orbital breadth ~0.130 -0.289 0.480 -0.566 -1.261 2.093
Bi-frontotemporale 0.312 -0.258 0.099 1.844 -1.527 0.589
Bi-frontosphenoidale 0.623 0.060 0.284 2,949 0.285 1.345
Bi-asterion ~-0.015 0.089 0.043 -0.067 0.396 0.188
Bi-basioccipital 0.371 0.371 -0.731 0.779 0.837 -1.651
Nasion-nasospinale -0.127 0.025 0.210 -0.718 0.143 1,185
Nasal breadth 0.313 -0.126 -0.008 0.897 -0.362 ~0.024
Orbital breadth -0.309 0.087 ~0.180 -0.093 0.262 ~0.543
Orbital height 0.466 0.015 0.172 1.372 0.046 0.507
Interorbital breadth 0.423 0.099 0.358 0.905 0.213 0.766
Foramen magnum length -0.089 -0.119 0.527 ~0.183 -0.246 1.091




Table 8 (continued)

Unweighted Weighted
Variate I Variate 11 Variate ITI Variate I Variate II Variate III
Foramen magnum breadth -0.314 0.352 0.399 ~0.756 0.848 0.962
Maxillo-alveolar length 0.284 0.183 0.444 0.777 0.502 1.215
Mazxillo-alveolar breadth -0.115 0.120 -0.350 = -0.432 0.452 -1.311
Palatal height 0.367 -0.258 0.254 0.959 -0.673 0.664
Mastoid height -0.557 0.557 0.429 ~1.713 1.852 1.427
o Nasion-bregma chord -0.018 0.371 0.892 -0.092 1.849 0.444
* Nasion-bregma arc 0.139 -0.287 0.102 0.959 -1,983 0.702
_Nasion-bregma subtense -0.405 0.465 0.161 -1.024 1.350 0.467
Bregma-lambda chord -0.473 -0.097 =0.313 -2.506 -0.515 ~1.659
Bregma-lambda arc 0.039 -0.210 0.225 2.820 -1.498 1.602
Lambda-opisthion chord -0.183 0.311 -0.038 ~0.921 1.564 -0.191
Lambda-opisthion arc 0.699 0.014 -0.034 4.963 0.097 -0.238
Bi-porion chord 0.084 0.257 0.273 0.360 . 1.096 1.164
Bi-porion arc 0.024 0.018 -0.145 0.262 0.192 -1.570
Porion-bregma chord 0.320 0.210 ~-0.005 1.569 1.028 ~0.027

Porion-bregma arc -0.233 0.310 0.150 -1.534 2.235 0.988




The unweighted and weighted coefficients for the 3 variates are listed in
Table 8. For the 50 variables studied there are over 20 positive and over 20
negative coefficients in each of the 3 variates. From this one would conclude
that, in each case, shape rather than size differences are the most significant
features in the discrimination.

For the first canonical variate (Table 8) the weighted coefficients imply
that major contrasts exist between the positively weighted lambda-opisthion
arc (+ 4.963), bi-frontosphenoidale (+ 2.949), bregma-lambda arc (+ 2.820),
bi-malar breadth (+ 2.536) and bi-frontotemporale (+ 1.844) and the nega-
tively weighted lambda-inion (- 2.927), inion-opisthion (- 2.799), basion-
prosthion (- 2.549), bregma-lambda chord (- 2.506) and bi-zygion
(- 1.991). From these coefficients the major contrasts appear to be in the
posterior part of the cranial vault and, to a lesser extent, in variations
between cranial breadth measurements.

The canonical variate and univariate data, viewed together, reveal inter-
esting variations in the parietal bone. The first canonical variate high values
and opposite signs of the bregma-lambda chord (+ 2.820) and arc (- 2.506)
reflect significant antero-posterior curvature differences between this bone
in the 4 samples. Referring to the univariate statistics in Table 6, it can be
seen that the southern population has a relatively long arc and short chord
measurement, making the parietal bone more rounded; the eastern sample
has the longest arc and chord measurements, but the relatively longer chord
measurement results in a less rounded parietal. Further, the coefficients of
the porion-bregma chord (+ 1.569) and arc (- 1.584) indicate important
sample differences in the mesio-lateral curvatures of the parietal bone. The
univariate statistics (Table 6) show the southern sample to have the relatively
longest arc measurement, with the chord/arc index increasing progressively
from southern to.central to northern to eastern. Thus, the southern sample
has an overall antero-posteriorly and mesio-laterally rounder parietal bone,
whereas in the eastern sample it is relatively flatter in both directions; the
northern and central sample shapes are intermediate.

The contrasting on the first canonical variate (Table 8) between lambda-
opisthion chord (+ 4.960) and lambda-opisthion arc (- 0.921) suggests both
size and shape variation in the occipital bone. On umivariate statistics
(Table 6) the southern sample has the absolutely longest arc and chord
measurements, and the eastern the lowest for both dimensions. Relatively
however (lambda-opisthion chord/arc), the occipital in the southern sample
turns out to be considerably less rounded than the eastern sample; the
northern and central samples are more rounded than even the eastern sample.
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The large first canonical variate coefficients (Table 8) for lambda-inion
(- 2.927) and inion-opisthion (- 2.799) also indicate occipital bone varia-
tions. From the univariate statistics in Table 6 it can be seen that these
measurements show considerable absolute and relative differences and
indicate marked variations in the degree of development of inion, or of its
location relative to lambda and opisthion.

Several breadth measurements indicate cranial shape variations on the
first canonical variate (Table 8). Three positive breadth measurements
(bi-frontosphenoidale, + 2.949; bi-malar breadth, + 2.536; bi-fronto-
temporale, + 1.844) contrast with three negative breadth measurements
(bi-zygion, - 1.991; bi-stephanion, - 1.239; bi-coronalia, - 1.224). From
the univariate results (Tables 5 and 6) the northern and central crania have
large bi-frontosphenoidale breadths, while those from the south and east
have small bi-zygion breadths; the southern population has a relatively
narrow bi-malar breadth, which contrasts to its broad bi-frontotemporale
measurement,

One other readily apparent contrast from the weighted coefficients of
canonical variate one (Table 8) is between nasion-prosthion (+ 1.459) and
basion-prosthion (- 2.549). From the appropriate univariate data (Table 5)
the southern population is the most divergent sample, having a short upper
facial height (nasion-prosthion) and a long basion-prosthion measurement,
probably implying a more prognathic face. The eastern sample, with small
dimensions for both measurements, shows a similar metrical relationship to
the southern sample; the northern and central samples have relatively long
upper facial heights compared with their basion-prosthion dimensions.

On the second canonical variate mean scores (Table 7), the isolation of
the eastern population is mainly due to differences (Table 8) between the
positively weighted coefficients, porion-bregma arc (+ 2.235), basion-nasion
(+ 2.143), bi-zygion (+ 2.005), mastoid height (+ 1.852), nasion-bregma
chord (+ 1.849), and the negatively weighted coefficients, bi-auriculare
(- 8.298), basi-bregmatic height (- 2.788), nasion-bregma arc (- 1.983) and
nasion-opisthion (- 1.928). The main isolating features appear to be in
breadth-height relationships, and in the shape of the frontal bone.

From the univariate results (Table 5) the eastern population has the
shortest measurements (often considerably so) for all of the highly weighted
second variate positive values. The eastern population is also separated
because of frontal bone chord-arc differences; from the univariate results
(Table 6), it is apparent that, relative to the nasion-bregma chord measure-
ment, the eastern population has a long arc measurement. The increased arc
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is also supported by the greater nasion-bregma subtense measurement of the
eastern population. The above differences show that the eastern population
is distinct from the more nearly similar northern, central and southern
populations in having a number of considerably smaller dimensions and also
in its antero-posteriorly being more rounded, i.e. fuller frontal bone. Breadth
dimensions also play a significant part in the discrimination on this second
canonical variate. Thus, bi-frontotemporale (- 1.527) is by far the smallest
in the eastern sample and bi-auriculare (- 3.293) appears to be important in
the separation of northern and central from the other 2 samples and also
from each other.

In the third canonical variate the highest positively weighted coefficients
(Table 8) are supra-orbital breadth (+ 2.098), bi-stephanion (+ 1.626),
bregma-lambda arc (+ 1.602), mastoid height (+ 1.427) and bi-fronto-
sphenoidale (+ 1.345). The most highly weighted negative coefficients are
for maximum cranial breadth (- 2.896), nasion-opisthion (- 2.012), bregma-
lambda chord (- 1.659), bi-basioccipital (- 1.651), bi-porion arc (- 1.570)
and maxillo-alveolar breadth (- 1.811). The separation achieved on the third
canonical variate is principally of the southern samples from the central and
eastern samples, with the northern samples intermediate. These coefficients
re-emphasize the variation of the sample from the south in respect to parietal
bone shape and also certain breadth measurement variations.

From the univariate results (Tables 5 and 6), in addition to the bregma-
lambda chord/arc relationships already discussed, it can be seen that the
southern sample has the largest measurements for bi-stephanion, bi-fronto-
temporale and bi-porion are, and the shortest measurement for supra-orbital
breadth. Except for the parietal bone differences it would seem that this
third canonical variate mainly stresses size differences.

Because of the limited findings for the male 4 sample cranial subsets,
cranial indices and mandibles, the male 7 sample analysis, and the female 4
sample analysis no detailed tables of results have been included. However, the
salient points emerging from those analyses will be briefly outlined in (b) to
(f) below.

(b) Cranial subsets, 4 male Western Australian samples

Using the 17 facial variables only it can be seen from the small canonical
roots that there is considerable reduction of the between relative to within
group variance. Separation is poor on all 3 variates but the first does separate
the southern from the other 3 samples. In the 17 variable cranial vault
analysis separation is improved and is, in fact, complete on the 8 variates.
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Although separation on this analysis is different to that on the whole
craniiim, this subset probably includes the most important variables involved
in separating the samples. On the 8 cranial base dimensions separation is
very poor, although on the first variate the central-southern are separated
from the northern-eastern samples.

(c) Cranial indices, 19 variables, 4 male Western Australian samples

The cranial indices should reflect cranial shape differences well but do
not result in good separation by canonical analysis. Samples tend to be
paired in the variates, central-eastern in the first, central-southern in the
second, and northern-central and also southern-eastern in the third variate.

(d) Mandibular measurements, 18 variables, 4 male Western Australian
samples

The mandibular variables, on the first two canonical variates, give a similar
picture of separation to that found on the whole cranium analysis. However,
two of the numbers of mandibular specimens available were very small
(northern — 12, central — 16, southern — 6, eastern — 2) and hence the
results may not be reliable.

(e) Whole cranium, 50 variables, 7 male Western Australian samples

The canonical analysis using 7 samples for the northern-central combined
area was based on rather small samples (4-8) and results are thus of doubtful
validity. There is a clustering of 3 or 4 of the sample means on each variate
but nevertheless a suggestion of a fair amount of between sample variation.

(f) Whole cranium, 15 variables, 4 female Western Australian samples

A single analysis was made of the 4 female samples but using only 15 of
the cranial variables used in the coastal New South Wales study (Freedman,
1964). Separation was obtained on the 3 variates. The first puts the southern
and eastern together between the northern and central samples; the second
separates the southern from the other 3 samples; the third separates the
eastern from the remaining 3 samples. Numbers in these 4 samples are very
small (northern, 6; central, 5; southern, 11; eastern 3).

(g) Whole cranium, 15 variables, 4 male Western Australian and 3
coastal New South Wales samples

The variables utilised in this analysis are those used by Freedman (1964)
except that, because of missing measurements, maxillo-alveolar length and
bi-zygion breadth were omitted and interorbital breadth included. (For




coastal New South Wales the basic univariate statistics for interorbital
breadth in the 3 samples are: northern — N = 14, X = 19.79 mm, S.D. =
2.15 mm; central — N = 27, X = 18.93 mm, S.D. = 2.33; southern — N =
10, X =19.00 mm; S.D. = 2.62 mm).

On the first canonical variate, which accounts for over 55% of the variance
(Table 9, Fig. 3), the groups of samples from the 2 States are clearly separa-
ted. The second variate accounts for 19% of the variance; it spreads the 4
Western Australian samples, and separates the southern from the northern-
central New South Wales samples. The third variate separates the southern
from the other 3 Western Australian samples, and the central from the
northern-southern samples from New South Wales; it accounts for only 9%
of the variance. In each of the first 3 variates there are approximately
similar numbers of positively and negatively weighted measurements.

On the first canonical variate the main positively weighted coefficients
(Table 10) are basi-bregmatic height (+ 0.545), maxillo-alveolar breadth
(+ 0.517) and maximum cranial breadth (+ 0.403), and the main negatively
weighted coefficients are interorbital breadth (- 0.778), maximum cranial
length (- 0.258) and nasion-nasospinale (- 0.255). The contrasting of maxillo-
alveolar breadth (+ 0.517) and maximum cranial breadth (+ 0.403) with
interorbital breadth (- 0.778) suggests that relative changes in breadth
measurements are the most important in this variate.

From the univariate results (Freedman, 1964; and Tables 5 and 6), it can
be seen that, for the 3 most heavily positively weighted measurements, the
Western Australian samples almost all have smaller dimensions than those for
the New South Wales samples; the only exceptions are the southern sample
for basi-bregmatic height and maximum cranial breadth. For the only heavily
negatively weighted measurement (interorbital breadth) the New South Wales
mean sample measurements are all smaller than those from Western
Australia. The contrasting of these breadth dimensions must mainly be
responsible for the clear separation achieved. On these dimensions, and on
the variate as a whole (Table 9, Fig. 3), the northern New South Wales
sample most resembles the Western Australian samples; of the Western
Australian samples, the eastern sample diverges most and in the opposite
direction to the New South Wales samples.

The second canonical variate weighted coefficients (Table 10) highlight
the positive coefficients of basi-bregmatic height (+ 0.681), interorbital
breadth (+ 0.341), orbital breadth (+ 0.821) and nasion-prosthion (+ 0.319),
and the negafive coefficients of nasion-nasospinale (- 0.985) and basion-
prosthion (- 0.588). In this variate height dimensions are mainly stressed,
basi-bregmatic height getting a large positive coefficient.
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The relationship between nasion-prosthion and nasion-nasospinale is
especially interesting in this variate. The univariate statistics of the Western
Australian samples in Table 5 show considerable variation for the nasion-
nasospinale dimension and, when looked at relative to the nasion-prosthion
measurement, it widely separates the eastern and central samples and locates
the northern and southern in between, as does the variate as a whole. This is
the main effect of this variate. The univariate mean values for basi-bregmatic
height (Freedman, 1964) spread the New South Wales samples clinally,
increasing from north to south, while the basion-prosthion values increase
clinally in the opposite direction.

For the third canonical variate, the highest positively weighted coefficients
fron: Table 10 are for orbital height (+ 0.639), nasal breadth (+ 0.581) and
bi-zygomaxillare (+ 0.872). The main negative coefficients are bi-fronto-
temporale (- 0.433) and nasion-nasospinale (- 0.362). The positive co-
efficients for the orbital height and nasal breadth reflect the small mean
univariate measurements for these variables in the southern Western Aust-
ralian sample (Table 5). The major new contrast which emerges is between
bi-zygomaxillare and bi-frontotemporale. From the wunivariate statistics
(Table 5) the southern Western Australian sample has a broad bi-fronto-
temporale measurement relative to its bi-zygomaxillare breadth.

(B) Generalized distance analyses
(a) Western Australian samples

Generalized distance analyses were performed on all of the samples used
for canonical analyses, except the two 50 variable analyses (male whole
cranium, 4 sample and male whole cranium, 7 sample). As for the equivalent
canonical analyses no tables of results are included for the generalized
distance analyses.

From the male face and vault subset distance analyses the only consistent
results are that, in each case, the distance separation between the northern
and central samples is the smallest (2.16 and 1.96, respectively) and the D2
value for the southern-eastern comparison the largest (12.14 and 13.07,
respectively); the male cranial base subset analysis gives the smallest D2
values (0.32 — 1.46) and poor discrimination. The male cranial indices
analysis again results in the northern-central D2 value being the lowest
(3.67) and the southern-eastern the highest (13.01). The distances from
north to central (3.67), north to south (5.60) and north to east (6.12)
increase progressively. The male mandibular generalized distances are by far
the largest. The northern-central figure is again the lowest (14.97) but, in
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this case, the central-eastern value (69.24) is slightly higher than that for the
southern-eastern comparison (65.73). The female cranial distance analysis
results in large distances between the samples but makes the northern-
central value the largest (41.58) and the southern-eastern figure the smallest
(13.91).

(b) Western Australian and New South Wales samples

A number of interesting results emerge from this last generalized distance
analysis (Table 11). In each State there is a progressively increasing D?
distance down the coast of the central and southern samples from the
northern sample. Comparing the samples from the 2 States, the 2 northern
samples are very similar and the D? distances between the equivalent parts of
each State increase progressively in the central and southern comparisons.
The Western Australian eastern sample is well separated from all of the other
samples from the 2 States; the largest D% values found are between that
sample (eastern Western Australia) and the 38 New South Wales samples, and
the values are progressively greater from north to south.

Table 9: Canonical variate means for four Western Australian and three New South
Wales male samples, using 15 cranial variables.

Sample Canonical Variate Means
CV.1 C.V.2 C.V.3
WESTERN AUSTRALIA
Northern 17.587 3.309 3.976
Central 17.413 2.173 3.875
Southern 17.791 3.798 2.397
Eastern 16.849 4.651 4,144
NEW SOUTH WALES
Northern 18.686 2.946 4.435
Central 19.730 2.850 3.628
Southern 19.858 3.765 4.210
Canonical root: 1.282 0.440 0.215
% variation accounted for: 55.7 19.1 9.8
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Table 10: Canonical variate analysis
cranial variables.

of four Western Australian, and three New South Wales* male cranial samples, using 15

Unweighted Weighted
Variate I Variate II Variate III Variate I Variate II Variate III
Maximum cranial length -0.039 0.035 0.022 -0.258 0.230 0.145
Mazximum cranial breadth 0.087 -0.058 -0.061 0.403 -0.268 -0.285
Basi-bregmatic height 0.116 0.145 -0.031 0.545 0.681 -0.148
Basion-prosthion -0.004 ~0.135 ~-0.016 -0.017 -0.588 ~-0.068
Basion-nasion 0.027 -0.019 -0.021 0.113 -0.081 -0.091
Bi-zygomaxillare 0.012 0.044 0.073 0.062 0.227 0.372
Supra-orbital breadth 0.019 0.028 -0.007 0.083 0.119 -0.031
Bi-frontotemporale -0.045 -0.050 -0.082 -0.240 -0.268 -0.433
Nasion-prosthion 0.002 0.075 0.066 0.007 0.319 0.279
Nasion-nasospinale ~-0.057 -0.222 -0.081 ~0.255 -0.985 -0.362
Maxillo-alveolar breadth 0.155 -0.033 ~0.007 0.517 -0.111 -0.023
Nasal breadth -0.082 -0.119 0.238 -0.199 ~-0.289 0.581
Orbit breadth -0.010 0.135 0.104 -0.024 0.321 0.248
Orbit height 0.005 0.027 0.257 0.013 0.069 0.639
Interorbital breadth -0.360 0.158 -0.086 ~-0.778 0.341 -0.186

* Data from Freedman (1964)




cranial measurements.

Table 11: Generalized distance analysis of the four Western Australian and three New South Wales male samples, using 15

WESTERN AUSTRALIA

Northern Central

GENERALIZED DISTANCE (D?)

NEW SOUTH WALES
Southern Eastern . Northern Central Southern

WESTERN AUSTRALIA
Northern

Central

Southern

a6

Eastern

NEW SOUTH WALES
Northern

Central

Southern

- 2.33

— 7.11 5.98 7.12 7.79

3.72 5.17 2.30 5.60 6.67
5.26 7.79 2.88 6.32 8.99

- 7.81 12,53 12.83

- 2.10 -8.01
- 2.59




Table 12: Mean scores for each of the 7 sexing characters recorded for the male and
female Western Australian crania. Larnach and Freedman’s (1964) scores for New South
Wales coastal crania are listed in brackets.

Super- Zygo- Malar Mastoid Palatal Occipital Total
Glabella ciliary matic tuber- size size markings mean
ridges trigone osity

Male: 2.30 2.27 217 1.82 2.96 2.27 1.73 15.50
(2.26) (2.41) (2.57) (2.85) (2.28) (2.69) (2.55) (17.11)
Female: 1.37 1.29 1.36 1.23 211 1.683 1.18 10.17

(1.08)  (1.08) (1.31) (1.00) (1.038) (1.55) (1.05) ( 8.05)

Difference: 0.93 0.98 0.81 0.59 0.85 0.64 0.66 5.38
(1.14) (1.38) (1.26) (1.85) (1.25) (1.14) (1.50) ( 9.06)
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Fig. 3: Plot of canonical variate 1 means against canonical variate 2 means for the
4 Western Australian and 3 coastal New South Wales male cranial samples, using 15
variables.




DISCUSSION

From the checks performed, it would seem that the sexing procedure used
(Larnach & Freedman, 1964) has differentiated male and female crania with
a high degree of accuracy. (Each character is rated on a scale 1 to 3 with
males tending to have the high values.) It is of interest that the mean scores
obtained for the 7 sexing characters in the male Western Australian cranial
samples were smaller than the equivalents from New South Wales in all but
2 instances (Table 12). The male mean score most significantly greater in
the New South Wales sample was occipital markings where the difference
was 0.82; 3 other differences (malar tuberosity, palatal size and zygomatic
trigone) were larger in that sample in the range 0.40-0.53. Of the sexing
features larger in the Western Australian sample, only the mastoid size differ-
ence was markedly bigger (0.68). On the other hand, in the female mean
values the Western Australian scores were greater in each instance but none
by a very large amount (less than 0.24).

The total mean difference between the 2 sexes was markedly less in the
Western Australian sample (5.83) as compared with that for New South
‘Wales (9.06). The greatest mean size differences between the sexes for the 2
samples were in the occipital markings (0.95) and in the size of the malar
tuberosity (0.76). To some extent the variations between the samples may
reflect observer differences, but 2 of the features were quantitative, and
casts of the limits of the middle value (2) for each of the other features
were used in making the assessments. It would therefore seem that there
may well be real differences between the 2 samples in the amount of sexual
dimorphism.

On univariate analysis the Western Australian crania of the 2 sexes were
found to be substantially different (Tables 2-4) and hence were studied
separately. Comparing the male and female mean values with those of the
New South Wales series (Freedman, 1964) showed that, overall, the latter
crania were larger. Thus, the male Western Australian crania were smaller, on
average, for 11/16 features for which comparable data were available. The
instances where the New South Wales mean differences were considerably
larger were: basi-bregmatic height (8.22 mm), maxillo-alveolar breadth
(2.57 mm) and maximum cranjal breadth (2.04 mm). The mean measure-
ments on which the Western Australian male mean values were considerably
greater were: bi-frontotemporale (1.28 mm), orbital breadth (1.10 mm) and
nasal breadth (0.55 mm). For the female mean dimensions, the New South
Wales sample was larger for 12/16 features. They were considerably larger
in maxillo-alveolar length (2.56 mm), basi-bregmatic height (2.24 mm),
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basion-prosthion (2.14 mm) and maximum cranial length (1.88 mm). The
only measurements for which the Western Australian female sample mean
was considerably larger was orbital breadth (1.84 mm).

It is interesting to note that for males, both on sexing characters and
univariate mean values, the New South Wales sample figures were mostly
greater than those for Western Australia. On the other hand, for females, the
sexing character values for Western Australia were all greater than those for
New South Wales but, for the univariate mean values, the New South Wales
figures were mostly larger.

Comparisons were also made between the cranial univariate statistics
obtained in the present study with those of 8 earlier studies (Morant, 1927;
Hrdlicka, 1928; Wagner, 1937). Only mean values for small male samples
were reported in each of these studies and hence neither ‘t’ tests nor more
complex analyses could be used for making comparisons. Only 6 measure-
ments were common to all 4 studies, a further 5 to 3, and 8 to only the
present and one other study.

Considering the 3 primary cranial measurements first, the mean maximum
cranial lengths reported by Morant and Hrdlicka were close to that obtained
in the present study (187.23 mm); however, Wagner recorded a considerably
lower mean value (184.9 mm). For basi-bregmatic height and maximum
cranial breadth Hrdlicka and Morant recorded larger mean values and Wagner
smaller values. Perhaps more importantly, however, there are variations in
relative size between these two measurements in the four studies. Thus, in
the present study the 2 mean dimensions were very close, with height just
slightly greater (0.08 mm), whereas Hrdlicka and Wagner recorded breadth
greater than height (132.5 mm to 131.9 mm and 130.6 mm to 129.4 mm,
respectively) and Morant records height (182.6 mm) greater than breadth
(130.8 mm). These differences affect all three primary cranial indices
(breadth/length, height/length and height/breadth).

Of the remaining dimensions for which mean values are available for all 4
studies, nasal breadth is relatively uniform for the 3 earlier studies (26.1-
26.8 mm) but the figure recorded in this study for Western Australia is
rather larger (27.98 mm). Of those for which 2 other samples have com-
parable dimensions, bi-zygion is 1.66 mm greater in the Western Australian
sample than in the largest mean value of the other available dimensions and,
for basion-prosthion, Hrdlicka’s mean is almost 2 mm greater than that of
Wagner and the present study. Where comparisons of the present study with
single other studies are involved, variations of 1-2 mm occur. Some caution
is clearly necessary in assessing the significance of such comparisons as
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these because of possible variations in technique. This is almost certainly the
case for nasion-prosthion and orbital breadth where mean dimensions are
available for 8 studies and variation in the former is 64.9-71.1 mm and in
the latter from 39.9 to 44.3 mm. Further, in making comparisons between
the Western Australian and other samples it has had to be assumed that
prosthion and alveolar point, basion and endobasion, and nariale and naso-
spinale are similar enough for comparisons to be made. The necessity for
standardisation and a basic set of measurements and non-metrical observa-
tions on crania from particular areas is urgently required.

The canonical variate analysis of the Western Australian male cranial
material has revealed considerable variation between samples from the
northern, central, southern, and eastern subdivisions. Using the whole
cranium, separation of the 4 samples is achieved on the 3 variates, and subset
analysis confirms that the main discriminating features are in the calvarial
vault, rather than the face or base. Canonical analysis of the cranial indices
was disappointing, possibly because the association of features in the indices
may not be the best ones for reflecting shape differences in this material.
Small numbers made the male mandibular and female cranial canonical
analyses unreliable, although the former gave similar results to the male,
whole cranium analysis. The 7 sample northern-central analysis also suffered
from the smallness of the samples but the results did appear to reinforce the
general variability of the crania from Western Australia.

The main inter-relationships emerging from the 50 variable, 4 Western
Australian sample canonical analysis (Table 7 ) were those of a north to
south coastal cline, with the eastern sample being most similar to the central
on the first variate but well separated from all 3 coastal samples on the
second. The univariate statistics were used to analyse the sample differences
in the highly weighted features of the canonical variates.

In this canonical analysis breadth measurements were found to account
for a considerable amount of the variation — a result similar to that of
Howells (1973) in his multivariate, world-wide, cranial studies. The breadth
variations were particularly: those measured on the coronal suture' (bi-
stephanion, bi-coronalia and bi-frontosphenoidale); relative breadth changes
affecting the degree of post-orbital constriction (supra-orbital and bi-fronto-
temporale); various facial breadths (bi-malar breadth, bi-zygion, bi-zygo-
maxillare and interorbital); plus variations in the calvarial breadths on the
temporal bones (bi-auriculare, bi-mastoid, bi-porion and maximum cranial).
The variations in breadth measurements recorded within Western Australia
tended to highlight differences between the southern and eastern samples,
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with the northern-central samples generally closer to the eastern sample. The
most obvious differences were the narrower frontal and broader temporal
breadths of the eastern sample when compared to the southern sample.

There were important shape contrasts found in the occipital, parietal,
temporal and frontal bones. From the differences recorded for the various
chord/arc measurements, it was found that the southern sample parietal and
temporal bones were fuller in the sagittal and coronal planes, contrasting to
the less rounded northern and eastern parietal and temporal bones. The
fullness in the southern sample crania did not extend beyond the lambdoid
suture. In fact, relatively, the southern sample occipital bone was the most
sagittally flattened, contrasting to the northern and central samples which
had a longer arc (relative to the chord) measurement, due to the posterior
extension of the inion. The eastern sample was contrasted to the other
samples because of frontal bone shape differences. These differences included
a marked post-orbital constriction and a relatively fuller antero-posterior
frontal curvature. The eastern sample post-orbital constriction was par-
ticularly marked when compared to the southern population, which had
both a larger bi-frontotemporale and a smaller supra-orbital breadth. Overall
it could be seen that the northern and central samples were most similar,
having a relatively rounder occipital bone shape; the southern was differen-
tiated because of its parietal and temporal bone shapes, while the eastern
sample was separated because of its frontal bone shape.

The first variate of the canonical analysis using 4 Western Australian and
3 coastal New South Wales samples clearly separated the samples from the
2 States (Table 9, Fig. 3). However, although the succeeding variates spread
the samples within each State no definitive pattern of inter-relationships
emerged. Better separation of Western Australia and New South Wales might
be achieved if chord and arc measurements became available for New South
Wales. From the small canonical roots in this analysis it would seem that,
although good separation is achieved, the differences between the samples
are not very great.

The generalized distance analysis of the 7 samples from the 2 States
revealed not only a coastal clinal trend from north to south within each
State, but also progressive morphometric distance separation between equiva-
lent parts of the 2 States (Table 11). The eastern Western Australian sample
was distinguished from all of the other samples. This final result is very
suggestive of a north to south migration down the east and west coasts, with
the central and the southern samples of the two coasts being longer separated
than the northern and hence showing progressively more differences. The
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isolation of the eastern Western Australian sample, from both the remaining
Western Australian and all 3 of the New South Wales samples, could be due
to their long-term isolation under environmentally harsher conditions. The
isolation of the central Australian desert populations (represented in this
study by the eastern Western Australian sample) from northern Western
Australian populations was earlier suggested by Banerjee (1963), studying
head hair characteristics.

There is still far from unanimity in the views held about the origin of the
Australian Aborigines. It is accepted by virtually all authors that there is
considerable morphological diversity throughout the continent. However,
the basis for this variation is still in considerable dispute. Since 1938
Birdsell has been elaborating a theory suggesting a trihybrid origin (e.g.
Birdsell, 1967) and, more recently, Howells (197 3) has postulated what
might be termed a dihybrid theory. However, the most generally accepted
view (e.g. Abbie, 1968; Macintosh, 1965) holds that a single stock colonised
Australia and that the variation found is the result of the effects of selection
and drift. From late Quaternary studies (e.g. Bowler, 1976) it would seem
that the originating stock of the Australian Aborigines arrived in the north
of the continent, at least 50,000 and possibly as much as 100,000 years ago,
from Southeast Asia (Sahulland). Such a time span of occupation of
Australia would seem to be more than adequate for the present level of
diversification to have occurred. This view is supported by Kirk (1971) from
a review of blood groups, serum proteins and red cell and serum enzyme
gene frequency studies. He contends that even 10,000 years would be
adequate to account for the present continental variation in these features.
In addition, Simmons (1956) has pointed out the improbability of the tri-
hybrid theory because of the absence in the present Australian Aboriginal
population of: B, S of MN, rh (cde), th” (cdE), Kell (K), and Fy® of the
Dutfy group. All of these factors would, improbably, have had to have been
absent in each of the 3 hybridising stocks.

The starting point most commonly suggested for the southward migration
of the originating stock is Cape York in the northeast of the continent.
However, it has also been postulated that entry was in several small groups
both at Cape York and also in northwestern Australia (see Abbie, 1969). To
reach the southern extremes, which they are known to have reached 30,000-
35,000 years ago (see Mulvaney, 1975), man must have been able to cope
with the wide range of environmental situations which confronted him on
his journey. Nevertheless, it would seem reasonable to postulate that the
initial southward migration was made along the most congenial and easily
traversed pathways, namely down the east and west coastlines. Such a
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migration pattern would accord well with the morphometric relationships
described in this study. The differences found between the coastal samples
could then be the result of distance decay (Wright, 1943), recurrent founder
effects (Fix and Lie-Injo, 1975), drift, environmental adaptation, or any
combination of these. The morphometric isolation of the Western Australian
eastern sample, as suggested above, could be due to adaptation to harsh
desert conditions, although, as Mulvaney (1975) notes, conditions were
probably very different 50,000 years ago. The numerous complex, linguistic
differences found throughout Aboriginal Australia suggest the probable gene
flow barriers between the populations of the past (Capell, 1956; Wurm,
1972).

SUMMARY

1. From Western Australia 105 crania (70 male and 35 female) and 53
mandibles (36 male and 17 female) have been studied by both univariate
and multivariate analysis. All crania were from known localities and were
assumed to be of recent age. Sexing was by the Larnach and Freedman
(1964) method.

9. Univariate statistical data for 50 cranial measurements, 22 derived indices
and 18 mandibular dimensions were produced separately for males and
females. Significant sexual dimorphism was found for most of the measure-
ments. The male data were compared with those of Morant (1927),
Hrdlicka (1928) and Wagner (1937). A variety of differences were found.

3. On broad linguistic grounds, a 4 sample subdivision (northern, central,
southern and eastern) was made and studied by multivariate analysis
using, separately, cranial measurements (whole and subsets), cranial in-
dices and mandibular measurements. The male 50 variable canonical
analysis produced the most important result. Coastal variation appeared to
be clinal with the inland eastern sample having a more unique set of
features. Using canonical variate weights and univariate mean values, it
appeared that the parietal, temporal and occipital bone shapes were of
considerable significance for differentiating the coastal samples, whilst the
eastern sample diverged mainly because of its differently shaped frontal
bone. Chord and arc measurements proved most useful when making these
comparisons. Breadth measurements were also important in the discrimina-
tion.

4. The 4 Western Australian samples were compared with 3 from coastal New
South Wales (Freedman, 1964) by multivariate analysis. Using canonical
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analysis the first variate clearly separated the groups of samples from the
2 States. Mahalanobis generalized distance indicated that the Western
Australian northern and New South Wales northern samples were morpho-
metrically similar; the two central and two southern samples were pro-
gressively less similar, both from their own State northern sample and
from the equivalent opposite State sample. These data would be in agree-
ment with east and west coast southward migrations from an initial north
of Australia originating population.

5. The variation found within and between the Western Australian and
coastal New South Wales samples does not call for an hypothesis of more
than one originating stock for the Australian Aboriginal population.
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