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ARTICLE INFO ABSTRACT

Keywords:

Although ancient DNA (aDNA) cannot predict the facial appearance of skeletal human remains, knowing which
extant populations are most closely related to the deceased has proven to be invaluable in rectifying two early
facial approximations (popularly known as facial reconstruction) undertaken 15 years ago. These concerned two
of the crania excavated from the Lapita burial site at Teouma on the island of Efate, and are associated with the
first human arrival in the Vanuatu archipelago approximately 3000 years ago. This experimental revision to
incorporate aDNA into both the methods and results has found there are advantages of knowing the genetic
affiliation for estimating facial appearance. Specifically, we have found that this knowledge (i) facilitates
identifying which of the current statistically valid predictors of the facial features are the most appropriate, (ii)
informs the depiction of sexually dimorphic patterns of facial aging, and (iii) guides the portrayal of the subtle
facial morphologies that fall outside what is currently provided by statistically validated skull-soft tissue algo-
rithms and inter-relationships.

Geometric morphometrics
Photographic averaging
Facial reconstruction
Vanuatu

1. Introduction

The Teouma Lapita cemetery site on the south coast of Efate Island,
Vanuatu was excavated from 2004 to 2010 (Bedford et al., 2006, 2009),
and remains the largest cemetery yet found in the Western Pacific of this
foundational Pacific Islands’ culture. The first three field seasons
(2004-2006) produced a number of skeletons without the skull in its
anatomical orientation, although seven crania were recovered in sec-
ondary burials including one in a jar burial. In 2008, facial approxi-
mations (estimations of facial appearance) were completed of four of the
newly reconstructed crania that had most of the facial bones preserved
(B10A, B10B, B10C and B30A). This work was undertaken before the
site had been securely dated, the analyses of the remains had only just
begun, and the likely population affinities of the Teouma Lapita were
unknown. The facial appearances were estimated following a method
developed by Wilkinson (e.g., Needham, 2002) that combined the 2D
techniques of Taylor (2001:373-404) with Neave’s 3D anatomical
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approach (Prag and Neave, 1997:29-30). The publication that presented
the results (Hayes et al., 2009) was relatively brief regarding what
methods were applied, with the main focus being the artistic advantages
of manual sketching when dealing with partial remains (Fig. 1, top row).
In both images the individuals are, from left: BLOA (male), B10B
(female), B10C (male). This revision concerns B10A and B10B.
Subsequent research has resulted in the skeletal remains, including
two secondarily displaced crania TeoQE (Teouma Quarry Edge) being
directly radiocarbon dated to 3020-2740 cal. BP and genotyped (Lipson
et al., 2018; Skoglund et al., 2016). All are estimated to be older adults
(Buckley et al., 2008 and author’s data). A first morphometric analysis
of 5 of the 7 skulls indicated that these individuals are related to modern
East Asian populations, contrary to what was expected in earlier studies
(Valentin et al., 2016). Ancient DNA (aDNA) full genome analyses have
more precisely shown that the remains are most closely related to
modern populations from Taiwan (e.g., the Ami and Atayal) and the
western Cordillera mountains of Luzon in the northern Philippines (e.g.,
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the Kankanaey), as well as to the skeletal remains of Tongan individuals
dated to 2690-2320 cal. BP (Lipson et al., 2018; Lipson et al., 2020;
Posth et al., 2018; Skoglund et al., 2016; and see Valentin et al., 2020 for
dating of the Tongan individuals).

These aDNA studies point to a complex population dynamic sug-
gesting at least two gene flows separated in time within the Pacific re-
gion, including an early move from East Asia and a later gene flow from
North Melanesia. The Teouma remains, representative of the initial
migration, are homogeneous in terms of nuclear and mitochondrial DNA
(mtDNA), and for males the Y-chromosome haplotype, and display little
Papuan admixture overall. See Supplementary Materials (SM) Table 1
for a summary of the mtDNA and Y-chromosome haplotypes of the
Lapita-associated individuals, and SM Table 2 for the radiocarbon
results.

Overall, these results and further aDNA studies in the Pacific,
particularly those of East Polynesian and Micronesian populations, have
gone a long way towards settling questions of the origins of Pacific
peoples (Hudjashov et al., 2018; Liu et al., 2022). The early Lapita
population coming into the region was an almost completely unadmixed
Southern East Asian one, ultimately derived from the Neolithic pop-
ulations of southern China (Huang et al., 2022; Yang et al., 2020). They
leapfrogged from an early-established base in the Bismarck Archipelago
past the main Solomon Islands chain to reach the Santa Cruz group and
Vanuatu around 3000BP (Sheppard, 2019). The Teouma individuals
were part of this earlier migration.

Subsequently, in the southern Remote Oceanic region (including
Vanuatu, Fiji and the whole of Polynesia), a later migration of in-
dividuals identified as being genetically most like the present-day
Papuan-speaking populations of New Britain — such as the Baining,
again leapfrogged the main Solomons chain to join and subsequently to
admix with the initial Southern East Asian population of Vanuatu and
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adjacent archipelagos (Lipson et al., 2018; Posth et al., 2018). This
secondary migration, following the same track as the earlier one, can be
dated to the late or immediately post-Lapita period around 2500BP on
the basis of only very slightly admixed Papuan individuals present in at
least two different parts of Vanuatu at that time. Today’s ni-Vanuatu
populations are a mixture of these separate migrations and some later
back-migration from Polynesia, with a Papuan genetic signature pre-
dominating (Lipson et al., 2020). In Western Polynesia an admixed
population resulting from these two migrations was present by at least
1200-1000 BP, prior to the settlement of Eastern Polynesia, with the
Southern East Asian signature predominating (Posth et al., 2018).

In 2022, the Deutsches Hygiene-Museum Dresden expressed an in-
terest in displaying the original facial approximations in an exhibition
concerning the impact of genetic research on previous historical in-
terpretations (Von Genen und Menschen: Wer wir sind und warden konnten,
11 February — September 10, 2023). The decision to revisit the work
carried out 15 years ago was twofold. First, there has been considerable
progress in the availability of statistically validated skull-soft tissue re-
lationships derived from extant populations to predict the facial
appearance of archaeological remains (see, for example, a review by
Hayes, 2016a), and second, in response to the exhibition’s focus, to
explore the extent to which the aDNA findings could be incorporated to
enhance both the methods and results.

This paper presents experimental revisions of two of the Teouma
Lapita crania: B10A, an older man, and B10B, an older woman (refer
Fig. 1). The process involves applying geometric morphometrics to
create population averages derived from early ethnographic photo-
graphs of the indigenous Ami and Atayal from Taiwan and Kankanaey
related groups from the western mountains of Luzon. These data are
then used to evaluate, and select from, a choice of peer reviewed
methods for predicting the facial features, and to guide estimating

Fig. 1. Original estimations and the burial context of the Teouma Lapita crania.
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Table 1

Estimations applied to original and revised facial appearances.

Original

Revised

facial Soft

Fischer’s 1905 Papuan data

Stephan’s (2017) global

Tissue from 2 males (as reproduced in weighted means, (range
Depths Wilkinson, 2004:130) 1718-8519, median 7227
(fSTD) individuals)
Eyes Globe and pupil in the orbital Either a superolateral globe
centre (e.g., Krogman, cited in orientation and location of the
Taylor, 2001:428) canthi (Stephan and Davidson,
Iris diameter (Larrabee and 2008; Stephan et al., 2009) or
Makielski, 1993) inferolateral globe orientation
Lateral orbital projection ( and location of the canthi (Kim
Stephan, 2002; Wilkinson and et al., 2016)
Mautner, 2003) Iris diameter (Driessen et al.,
Location of the canthi (Stewart, 2011)
1983) Lateral orbital projection (
Influence of the morphology of Stephan, 2002)
the orbital bones (Gerasimov, Location of the malar tubercle (
1955:39) Stewart 1983)
Gerasimov (1955:39)
evaluated
Nose Nose width, nose base, Either Rynn et al. (2010) or
commencement of nasal tip, and Chu et al. (2020) for the nasal
wing height (Rynn, 2007) width, base, length and tip;
Relationship between the Rynn et al. (2010) for nasal
inferior border of the nasal wing height
aperture and nostril visibility ( Wilkinson (2004:169)
Wilkinson, 2004:169) evaluated
Mouth Mouth width and orientation ( Mouth width and location of

Stephan, 2003; Wilkinson et al.,
2003)

Upper lip height (Gerasimov,
1955:31)

Lower lip height (George,
1993:224, 226)

the mouth corners (Stephan,
2003)

Lip heights (Dias et al., 2016)
Oral fissure and superior
vermillion line (Mala and
Veleminska, 2016)

population appropriate feature shapes not covered by the predictions,
including sexually dimorphic patterns of facial aging.

As with the initial estimations, these revisions are 2D facial ap-
proximations. The methods are not automated, and therefore require
considerable familiarity with the relevant hard and soft tissues as well as
understanding the various algorithms to predict feature shapes. A 2D
estimation does have the practical advantage of being able to be un-
dertaken in reference to digital photographs — providing the lens-subject
distance is at least 2.5m, which is when perspective distortion approx-
imates 3% (Eliasova and Krsek, 2007), and that calliper measurements
are taken directly from the remains. However, while our revised facial
approximations refer to the same digital photographs (and of necessity,
given the remains have not yet been scanned), the process is achieved
computer graphically, and with far greater control, using Adobe Photo-
shop 2023 (v.24). The ability of this computer-graphic approach to
predict a deceased individual’s facial appearance has been statistically
evaluated with both forensic (Hayes, 2016b; Hayes et al., 2019) and
archaeological (Hayes et al., 2017) remains, and these evaluations —
which indicate an acceptable level of reliability — are further elaborated
in the Supplementary Materials.

2. Materials and methods
2.1. Images of the crania

The fragmented Lapita remains were reconstructed between 2005
and 2007 by FV while visiting the University of Otago (Valentin et al.,
2016) in order to perform morphometric analyses. These were photo-
graphed for the facial approximations by Chris Smith (Curator, WD
Trotter Museum, Anatomy Department, University of Otago) at a dis-
tance of ~2.5 m using a Nikon S24 (f/3.5, exposure 1/21 s, ISO-100,
focal length 33 mm), with the focal point being the nasion (the
midline intersection of the nasal and frontal bones). The relative
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inexperience of SH and the fragility of the reconstructed remains led to
not all of the photographs conforming to the Frankfurt Horizontal Plane
(FHP): cranium B10C displays a slight head turn to the left, while skull
B30A has a marked upwards head pitch, which was discussed in the
ensuing publication (Hayes et al., 2009). This is why only the digital
images depicting B10A and B10B (Fig. 2) were selected for the revision.
Top row B10A (male), bottom row B10B (female). Scale 50 mm.

2.2. Revised predictions of the facial feature shapes and positions

Table 1 summarises the previous and present predictive methods
applied to estimate the facial appearance of B10A and B10B, which are
discussed in more detail below. The facial feature predictions resulting
from the algorithms and relationships that are to be evaluated in the
light of the aDNA evidence are illustrated in Fig. 3, which, for added
clarity, shows these in reference to outline traces of the crania illustrated
in Fig. 3.

2.2.1. Facial Soft Tissue Depths (fSTD)

The facial Soft Tissue Depths (fSTD) originally applied were Fischer’s
1905 Papuan data (as reproduced in Wilkinson, 2004), with this justified
given the proximity to Vanuatu. In addition to the aDNA indicating little
Papuan admixture, the Fischer ‘means’ are not statistically valid, being
derived from two adult men. For this revision, Stephan’s (2017)
weighted means, calculated from global soft tissue depth studies
reporting standard deviations (SD), were applied. The nine depths
selected from this dataset are each derived from a large number of in-
dividuals (range 1718-8519, median 7227), which is much larger, and
far more robust, than the small number of tissue depths reported from
studies of specific population groups. Furthermore, given the differences
in tissue depths due to a person’s age, sex, body mass and population
affinity are less than a measurement error of 10%, these weighted means
have the advantage of being broadly applicable. In addition to applying
an invalid dataset, the original orientations of the fSTDs were largely
erroneous. Clarified in Stephan and Simpson (2008), not all fSTDs have a
‘perpendicular’ orientation, the angulation of some of the depths is
dependent on the location of the corresponding soft tissue landmark,
and in any event, ‘perpendicular’ in Aulsebrook et al. (1996) is the au-
thors’ shorthand for being at a right-angle to the bone tangent, and
which, therefore, incorporates bone curvature. The definitions of the
fSTDs and cranial landmarks applied in this revision are provided in SM
Table 3, and illustrated in Fig. 3.

The estimated features on the left are from Stephan and Davidson
(2008) for the placement of the eyes, and Rynn et al. (2010) for the nose,
which are shown as blue lines on the left lateral view of the crania.
Centre is Kim et al. (2016) for the eyes and Chu et al. (2020) for the nose,
which are shown as green lines on the lateral crania. Each study’s pre-
diction of the start of the nasal tip is indicated by an open circle. The
original identifications of the lateral palpebral ligaments (Stewart 1983)
are indicated by a small red dot. The facial Soft Tissue Depths (fSTDs)
and predictions for the mouth are the same for all. Scale 50 mm.

2.2.2. Eyes

The original estimations included a since invalidated recommenda-
tion that the globe and pupil are located within the centre of the orbit. A
study of 375 adult Europeans scanned in a supine position (Guyomarc’h
et al., 2012) has added validity to cadaveric studies indicating the globe
is located superolaterally from the orbital centre (Stephan and Davidson,
2008; Stephan et al., 2009). However, a more recent study of 100 living,
young adult Koreans scanned sitting upright with their head orientated
in the standard anatomical position locates the centre of the pupil
inferolaterally, with the authors suggesting their findings (which
include validation) are related to the supine body orientation of the
previous studies (Kim et al.,, 2016). Both methods for globe/pupil
orientation are evaluated in this revision, including the locations for the
palpebral ligaments. Unfortunately, the algorithm provided by Kim et al.
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Table 2
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Reference population multivariate regression results (n = 32, dependent variables PC1-6, cumulative variance 84%).

Variable Multivariate regression statistics Partial regression coefficients Multivariate regression shape variance
Island Wilks’ Lambda 0.76 PC2 . pEnm— - T F
F-Test 1.32 p = 0.29 (n. sig) 14.8% variance
PC 1-6 variance: 3.4% Adj. > = 0.10
Total vari 1 2.9% S =0.008 p = 0.04
otal variance o P ~_ ~
—_ IBEasSE
Taiwan Luzon
Sex Wilks’ Lambda 0.54 PC1 B iy T
F-Test 3.54 p = 0.01 35.0% variance
PC 1-6 variance: 12.4% Adj.r* = 0.21
Total variance: 10.4% S =0.01p = 0.004 ~~= ~._
D= ip == NN
Men Women
Age Wilks’ Lambda 0.57 PC2 T T+ . =
F-Test 3.13 p = 0.02 14.8% variance
PC 1-6 variance: 6.4% Adj. * = 0.22
Total variance: 7.5% S = 0.005p = 0.004 ~L \/
Ip=asNE g e
Young Adults Older Adults
Age: Wilks’ Lambda 0.15 PC3 N e S
Men (n = 12) F-Test 4.49 p = 0.06 16.5% variance
PC1-6 94% cum. var. PC 1-6 variance: 11.6% Adj. * = 0.30
Total variance: 12.3% S =0.01p=0.04
SN N
iE ek ST s
Young Male Adults Older Male Adults

Fig. 2. Frontal and left lateral images of the Teouma Lapita crania B10A
and B10B.

relies on data that are unavailable in images, and therefore only the
length of the medial palpebral ligament is able to be incorporated. The
original location of the lateral palpebral ligaments in relation to the
malar tubercle (Stewart, 1983) is retained (illustrated by a red dot in
Fig. 3), but not the estimation of the medial in relation to the lacrimal
fossa. As commented in Damas et al. (2020), while there is some
agreement as to the width of the ligament, where it attaches varies
considerably in the literature. Lateral orbital projection follows Stephan
(2002), which is very similar to Wilkinson and Mautner (2003). The
original incorporation of Gerasimov (1955:39) regarding the presence of
epicanthic folds in Burial BIOA is also evaluated in relation to the
ethnographic images.

2.2.3. Nose

In 2008, Rynn’s (at the time unpublished) algorithm for estimating
the dimensions of the nose (Rynn et al., 2010) was applied. Although
relatively reliable for Central European adults (Mala, 2013), Rynn’s
algorithms tend to be population specific, with modifications being
required, for example, for Turkish (Bulut et al., 2019), and Japanese
(Utsuno et al., 2016) adults. Sarilita et al. (2017) attempted to modify
the algorithm for Indonesian adults, but found Rynn’s original formulae
performed better. This revision re-applies Rynn’s algorithm to the Lapita
remains but with a corrected identification of the subspinale (Caple and
Stephan, 2015). A more recent approach devised by Chu et al. (2020) is
also evaluated, using their equations to estimate nasal height, depth and
location of the pronasale. Chu et al.’s regressions are derived from, and
validated by, 240 medical CBCT scans and 3dMD photogrammetry taken
from young adults living in north-western China. In addition, the
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Fig. 3. Comparison of statistically verified feature estimations for B10A (top row) and B10B (bottom row).

relationship between the inferior border of the nasal aperture and nostril
visibility, as described in Wilkinson (2004:169), is evaluated. The
revision follows the original estimate of the likely location of Burial
B10B’s missing rhinion.

2.2.4. Mouth

In 2008 it was known that the mouth corners are close to the same
vertical plane as the medial iris (Stephan, 2003), though this was
impacted by both the invalidated globe position (e.g., Krogman, cited in
Taylor, 2001:428) and incorrect iris width (Larrabee and Makielski,
1993). In the absence of the upper central incisors, the revision of the
vermilion borders follows research that has found lip height to be ~26%
of mouth width (Dias et al., 2016). Mala and Veleminska (2016) eval-
uated a number of studies of mouth prediction, and advise that the upper
vermilion border is most accurately positioned near the upper quarter of
the maxillary incisors and below the enamel boundary, and the oral
fissure opposite the lower quarter of the maxillary incisors. For the
Lapita revisions these locations are estimated from the preserved ante-
rior teeth (left lateral incisor for Burial 10B, left lateral canine for Burial
10A), which, together with the evidence of tooth wear, make this an
unavoidably highly approximate estimation. In the absence of the
mandibular dentition, lower lip fullness is also highly approximate, and
is not formally assessed.

2.3. Reference population images

As mentioned, the incorporation of aDNA into this revision involves
directly referencing the facial variation of the populations most closely
related to the remains. In 2022, when the work was undertaken, the
main publication cited regarding the Teouma Lapita aDNA (Skoglund
et al., 2016) only provided the Ami (also known as Amis), Atayal (also
known as Tayal) and Kankanaey (also known as Kankana-ey, Kankanai)
as examples of peoples from Taiwan and Luzon most closely affiliated
with the Teouma Lapita individuals. However, to keep as close to the
aDNA findings as possible, in late 2022 an online search of early
ethnographic photographs (c. 1895-1930) yielded 32 digital images
depicting 16 men and 16 women (population affinity and sex as
described in the image captions) captured in a relatively frontal orien-
tation: 16 are of the Ami and Atayal people and 16 are of people from
Luzon that are recorded as members of the Kanakanaey related groups
from the western mountains. Of the images sourced, approximately half

were published online as sepia images, the remainder black and white.
To facilitate blending in the production of the averages, all were con-
verted to sepia in Adobe Photoshop (2023) (v.24). As can be seen in Fig. 4
(and refer SM Table 5), the images are balanced for island affinity
(Taiwan, Luzon) and sex, though more varied with regards to estima-
tions of age (young, mature, older adult), head pitch (up/down), and
head turn (left/right).

Head pose (turn, pitch) and age (young, mature, older adult); refer
SM Table 5 for the image codes.

The broader context for these ethnographic images is that most of the
people appear to have been photographed outside, possibly positioned
so as to be facing the sunlight. This may account for why the majority are
depicted with their brows contracted. However, given the sociohistori-
cal contexts of the image production, there are likely other factors in
play that would cause many of the people to possibly appear ill at ease.
Nearly all of the photographs of the Ami and Atayal people were taken
shortly after the commencement of Japanese rule (1895), with at least
one credited to the Japanese anthropologist Torii Ryuzo (see, for
example F. Wong K, 2004). Some of the photographs from Luzon were
taken shortly after the commencement of U.S. rule (1898), when a large
number of Kankanaey people from the Northern Philippines (e.g.,
Bontoc, Suyoc) entered into employment contracts to perform in West-
ern cultural expositions, commencing with the 1904 Louisiana Purchase
Exhibition, which is also known as the St. Louis World’s Fair (Afable,
2004; Buangan, 2004).

2.4. Geometric morphometric analyses

Each image was first digitised using the geometric morphometric
software tpsDig232 (Rohlf, 2015) with 60 landmark coordinates (26
homologous, 34 equidistant points) covering the face from brows to
lower lip. These coordinates (Fig. 5, left) were used to produce statistical
averages in the geometric morphometric software tpsSuper32 (Rohlf,
2015), which outputs the average image with greater emphasis (darker)
where the pixel intensities of the images in the dataset show stronger
agreement. Refer to SM Table 6 for the landmark coordinate definitions.

Black dots are homologous, white are equidistant points. Left are the
60 coordinates applied to create the statistical averages and is the mean
of the 16 reference images from Luzon. Right illustrates the 10 co-
ordinates applied for the statistical analyses and is the mean of the 16
Taiwan reference population images.
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Fig. 4. Estimated reference population variation.

There is a statistical requirement that the number of individuals in a
dataset is greater than twice the number of landmarks if a multivariate
regression (Goodall’s F test) is undertaken. The formulais N > (2k - 4) +
(G - 1), where N is the number of individuals, k is the number of land-
marks and G the number of groups (Webster and Sheets, 2010). There-
fore, a sub-set of 10 coordinates capturing the main shape variance of
the facial features relevant to the cranial landmarks (eye, nose and
mouth widths, nose depth and upper lip fullness; Fig. 5, right) was
applied to the 32 reference images. The multivariate regressions were
undertaken in morphologika2.5 (O’Higgins and Jones, 1998, 2006), and
were to.

(i) identify whether slight variations in head pose did not constitute
a significant shape factor

(i) see if the reference images from both island population groups
are of a sufficient similarity to be combined by sex and age

Fig. 5. Landmark coordinates. (iii) identify indications of sexually dimorphic texture patterns
relating to facial aging

(iv) evaluate both the original and revised facial approximations in
relation to the reference population images.
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Following Procrustes registration (translated, scaled and rotated) in
morphologika2.5, the multivariate regressions involving the reference
images were undertaken with one independent variable (island, sex,
estimated age) and the Principal Components (PCs) accounting for
>80% of the cumulative variance. The results (Wilks’ Lambda, F-test,
probability, variance) and partial regression coefficients (variance,
adjusted r?, standard error, probability) were recorded, along with the
wireframes and deformation grids indicating the shape variance arising
from each regression. Identification of the variance within the individ-
ual PCs (Spearman’s rs) due to population affinity, sex, estimated age
and head pose was undertaken with the statistical software PAST4
(Hammer et al., 2001). A more general explanation of this approach to
analysing digital images can be found in Hayes and Milne (2011).

2.5. Revised estimation of surface appearance

The different predictions for estimating the location and dimensions
of the eyes and nose (refer Fig. 3) were superimposed over the reference
population averages in Adobe Photoshop (2023) (v.24), with the averages
calibrated to the width of the iris, which has a very low level of variance
(Driessen et al., 2011). The predictions that were the most population
appropriate (i.e., best agreed with the averages of the male and female
features) were selected for revising the facial estimations. The selected
predictions, and those applied to the original works, were digitised with
the subset of 10 coordinates (refer Fig. 5, right), and multivariate re-
gressions were undertaken in morphologika2.5 with Lapita as the inde-
pendent variable.

Estimating the surface appearance involved a base-line reference of
the average of the 12 mature and older men and the average of 11
mature and older women using the geometric morphometric software
tpsSuper32 (refer to Section 2.4). Kyllonen and Monson (2020) recom-
mend 12 images for averaging population specific age groups; however,
the more recent research findings of Biilthoff and Zhao (2021) have been
interpreted by Balas et al. (2023) as indicating facial averages of in-
dividuals of similar age, sex and population affinity attain relative sta-
bility with approximately 10-15 images. The resulting base-line
reference population averages are illustrated in Fig. 6. For the revision,
each of the average facial features (eyes, nose, mouth, outer face shape)
was extracted and warped using the Transform feature in Adobe Photo-
shop (2023) (v.24) so as to fit both the selected predictions and the
unique morphologies of the crania.

Photographic averages have been found to smooth the facial textures
and therefore appear younger, which is an effect that increases with the
number of images averaged (O’ Toole et al., 1999), and is more marked
with older individuals (Burt and Perrett, 1995). To counter this, clearer

Fig. 6. Average mature and older adults (60 landmarks) (left 12 men, right 11
women). The average facial features depicted here formed the baseline for the
revised surface appearances, with each modified so as to agree with the pre-
dictive algorithms and the morphologies of the crania.
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Fig. 7. Reference averages of older adults (60 landmarks) (left 5 men, right 4
women). The averages of the older adults were used to guide the depiction of
mature aging in the revised facial approximations.

indication of mature facial aging was achieved by digital drawing,
referring to the average of the oldest individuals (Fig. 7: 5 older men —
without M_KaO1 due to an extensive facial tattoo — and 4 older women),
as well as the sexually dimorphic patterns of facial aging indicated by
the geometric morphometric analyses. Refer to Fig. 4 for the image data.

2.5.1. Illustrations of the lower face

The revisions necessarily focus on the upper head given the crania
were not recovered with their associated mandibles. However, and for
illustrative purposes only, an indication of the soft-tissue appearance of
the lower face was accomplished by applying seven equidistant land-
marks to the lower jaws of the older adult male, and female, reference
population images. These were entered into tpsSuper32 (refer to Section
2.4) to produce a statistical average, with each jaw vertically orientated
to the estimation of the oral fissure, and warped using the Transform
feature in Adobe Photoshop (2023) (v.24) so as to agree with the width of
the estimated upper heads.

3. Results
3.1. Reference population image variance (10 landmark coordinates)

The PCA including the 32 reference population images results in
estimated head pose attaining signficance at very low variance values:
head pitch PC8 (3.4% variance, rs = 0.48, p = 0.01) and head turn PC9
(2.7% variance, rs = 0.49, p = 0.004). Geometric morphometric analyses
of images are highly sensitive to variations in head pose, but these re-
sults indicate that the slight variations across the images in head turn
and pitch (refer to Fig. 4) have a minimal impact on the facial
morphologies.

Table 2 summarises the results of the multivariate regressions with
the independent variables of island (Taiwan, Luzon), sex and estimated
age, and the dependent variables PC1-6, which account for 84% of the
cumulative variance, and are relatively independent of the influence of
head pose. As can be seen, both island affinity and estimated age have
the same partial regression coefficient (PC2), indicating that the larger
number of mature and older men in the Taiwan reference photographs
(Fig. 4) may account for the Taiwan variance being similar to that of age
and sex. However, and as can be seen in Table 2 (Age, n = 12), when the
multivariate regression is balanced by male age (2 images of each age
class per island, excluding images Am02, Am04, Bo02, Bo04), the shape
variance is the same, with older men tending to have a higher inner eye
corner, longer nose, and thinner upper lip. Therefore, with the full set of
images, PC1 and PC2 account for most of the variance in sex and age,
and, given the low level of shape variance between the two island
populations, creating population averages that combine the two are
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statistically justifiable.

Overall, and as illustrated in Table 2, the geometric morphometric
multivariate regressions indicate that the sexual dimorphism of the
reference population is that the women tend, on average, to have a
shorter face height and fuller upper lip than the men, and that aging
tends to result in a wider nose and a wider, thinner upper lip.

3.2. Best fit feature predictions with population averages

The different predictions for the locations and dimensions of the
eyes, nose (and the same predictions for the mouth) of the Lapita crania
— illustrated in Fig. 3 — are shown superimposed over the male reference
population average (n = 16), and female reference population average
(n = 16), in Fig. 8.

Positioning the eyes superolaterally (Stephan and Davidson, 2008;
Stephan et al., 2009) generally agrees with the positions of the malar
tubercles, which indicate the location of the outer eye corners (Stewart,
1983), and is a reasonable match for the lacrimal fossae indicating the
inner eye corners. This prediction also agrees with the population av-
erages in locating the tear trough terminating in the region of the infe-
rior orbital rim (Sadick et al., 2007). The algorithms of Kim et al. (2016)
predict a higher exocanthion than this reference population, locate the
tear trough below the inferior orbital rim, and so may be more specific to
the Korean population that was studied. Gerasimov’s (1955:39)
recommendation is that the orbital morphology of B10B would suggest
an indication of an epicanthal fold. This is slightly present in some of the
women depicted in the reference photographs, but at such a low fre-
quency it is not marked in the statistical average.

The nose base, wing and commencement of the nasal tip predictions
of Rynn et al. (2010) have a stronger agreement with the reference
population averages, though the nose width prediction is an over-
estimation for the average female. However, because the geometric
morphometric analyses indicate that for both sexes the older individuals
tend to have wider noses (refer Table 2), this width is likely acceptable
for the Lapita remains. Chu et al. (2020) tend to locate the nasal base
higher on the face and predict a narrower nose than the average of the
men. This may be, however, due to the algorithms — as with Kim et al.
(2016) — being derived from young adults. Wilkinson’s (2004:169)
recommendation that nasal guttering is associated with nostrils being
visible in the Frankfurt Horizontal Plane appears to hold for the

Fig. 8. Superimposition of the crania and feature predictions over the reference
population averages. The predictions of Stephan and Davidson (2008) for the
eyes, and Rynn et al. (2010) for the nose are shown on the left, right is the
predictions of Kim et al. (2016) for the eyes and Chu et al. (2020) for the nose.
Top row: superimposition of the two sets of predictions for the B10A crania over
the male reference population average. Bottom row is the superimposition of
the predictions for the B10B crania over the female reference population
average. The averages are scaled to the diameter of the iris. Scale 50 mm.
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reference population averages and all of the individuals who comprise
them.

Upper lip height estimation (Dias et al., 2016) fits the male average,
but underestimates the average woman’s height, and foreshortens the
height of the lower lip for both sexes. Locating the mouth corners on the
same vertical plane as the medial iris (Stephan, 2003) is in reasonable
agreement with both averages. Positioning the oral fissure at the incisal
edge of the most anterior in situ teeth is highly approximate, as is the
prediction that the upper vermillion line is on or below the enamel of the
preserved anterior teeth (Mala and Veleminska, 2016).

When the best fit predictions for the eyes and nose (Rynn et al., 2010;
Stephan and Davidson, 2008; Stephan et al., 2009) and the predictions
for the mouth are digitised with the subset of 10 landmark coordinates
and entered into morphologika2, the revised Lapita estimations are not
statistically different from the 32 reference population images (inde-
pendent variable Lapita, PC1-6, 84% cumulative variance: Wilk’s
Lambda 0.80, F-test 1.16, p = 0.36), and account for 2.7% of the total
variation. Repeating this analysis with the original Lapita estimations is
also insignificant (PC1-6, 84% cumulative variance: Wilk’s Lambda
0.90, F-test 0.49, p = 0.81), and accounts for 1.65% of the variation.

Fig. 9 plots the results of PC1 (35% variance) and PC2 (14% vari-
ance), which are, respectively, significant for sex (rs = 0.46, p = 0.005)
and age (rs = 0.51, p = 0.002) when both the original and revised Lapita
estimations are entered into the analysis and evaluated. As can be seen,
the Lapita revisions are located within the upper right quadrant, with
B10A clustering with the older men, and Burial B10B with the older
women. The original estimations of B10A and B10B, however, have
higher scores for their respective sex (PC1, male = negative, female =
positive), and both have lower values for age (PC2, older = positive,
younger = negative).

The revised estimated upper faces for B10A and B10B are illustrated
in Fig. 10, with and without the outlines of the crania and best fit pre-
dictions. These predictions are those located on the left of Fig. 3.

4. Discussion

Research into the effect of genetics on predicting facial appearance is
progressing, but to date has limited practical application. Only a few
genes have been reliably identified, the genetic inter-relationships are
highly complex, and there has been low agreement across various
studies in facial feature definition (Claes et al., 2018; Richmond et al.,
2018). However, what genetics can more reliably predict is population
ancestry, which, as demonstrated in this study, is invaluable for esti-
mating the facial appearance of archaeological remains.

In 2008, the likely population affinities of Lapita people were con-
tested unknowns (Pietrusewsky, 1996; Spriggs, 1997:99-107), the cra-
nia reconstructions were newly completed, and the remains had not
been extensively analysed. Further, verified methods to estimate facial
appearance were few, and most that were originally applied to the
Teouma Lapita burials have since been invalidated (refer to Table 1).
Although there are still considerable gaps in what can be predicted from
human crania, over a period of 15 years this has evolved from being a
narrow selection of (mostly) erroneous recommendations to a choice of
statistically validated methods for estimating the same facial feature.

As noted earlier, the aDNA extracted from the Teouma Lapita re-
mains (including Burials B10A and B10B), indicates these individuals
are most closely related to extant populations from Taiwan (e.g., the Ami
and Atayal) and from the Philippine Cordillera mountainous region of
western Luzon (most particularly, the Kankanaey) (Lipson et al., 2018;
Skoglund et al., 2016). Early photographs depicting these indigenous
peoples were sourced, on the assumption that admixtures were likely
less frequent a century ago. Statistical shape analyses (geometric mor-
phometrics) of the facial features indicate that slight head pose varia-
tions in the photographs do not significantly impact the facial features,
the two island populations are not significantly morphologically
distinct, and therefore the full dataset of 32 men and women could be
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Fig. 9. Assessment of the Lapita estimations (original and revised) in the context of the reference population images. PC1 is significant for sex (female positive, male
negative values) and PC2 is significant for age (older positive, younger negative values).

Fig. 10. Revised surface appearance of B10A (left) and B10B (right). The upper
row illustrates the revisions at 90% transparency, superimposed with the cra-
nial outlines and predictors used to estimate the facial appearances. Scale
50 mm.

used to (i) identify broad patterns of sexual dimorphism and facial aging,
(ii) produce statistical averages, (iii) apply these findings to evaluate a
selection of verified predictive methods for estimating the eyes and nose,
(iv) achieve revised estimations of the surface appearances that are more
population, sex and age appropriate, and (v) assess the overall differ-
ences between the initial and revised facial estimations.

Unexpectedly, when applied to the Lapita remains, the predictions
derived from Western European adults have, overall, the strongest
agreement with the reference population averages: Stephan and
Davidson (2008); Stephan et al. (2009) for the eyes, and Rynn et al.
(2010) for the nose. Likely contributing to this result is that both Kim
et al. (2016) and Chu et al. (2020) present algorithms exclusively
derived from young adults, which could impact their relevance to
mature and older adult faces. Overall, the revised predictions of the
feature locations and dimensions locate B10A and B10B within the
variance of the reference population older men and women, while the
largely invalidated relationships used to create the original estimations
result in younger faces with a higher level of sexual dimorphism (refer
Fig. 9).

Using facial averages to estimate the surface appearance is not new
to facial approximation, though, as Vandermeulen et al. (2012:215)
note, an average comprised of too few individuals will likely cause
model bias (unwanted features are retained), while averages comprised
of too many tend to be non-specific. The approach taken here is more
targeted (refer to Fig. 6). The surface appearances refer to the average
facial features of population appropriate mature and older individuals
(12 men, 11 women), with the data being within the range of stability
(10-15 images) for producing averages by age, population affinity and
sex (Balas et al., 2023; Biilthoff and Zhao, 2021; Kyllonen and Monson,
2020). The individual facial feature morphologies contained in these
base-line averages (refer to Fig. 7) were warped using the Transform
feature in Adobe Photoshop (2023) (v.24). These transformations were
piecemeal, so as to agree with both the best-fit predictions and the
unique morphologies of the crania, and with the geometric morpho-
metric results indicating population relevant patterns of sexual dimor-
phism and mature aging. Reference averages derived from the older
reference population individuals (5 men, 4 women; Fig. 8) were used to
guide elements of digital drawing in order to counter the tendency for
photographic averages to be judged younger than the images from
which they were derived (Burt and Perrett, 1995; O’Toole et al., 1999).

In addition to providing an indication of population variation and a
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way to evaluate predictive method suitability, aDNA may also help
facial approximation practitioners avoid bestowing the deceased with
their own facial characteristics, as documented in forensic applications
by Taylor (2001:85-86). While unintended self-portraiture is likely
related to the high level of unknowns in facial approximations, such
impositions occur in depictions drawn from life. Gombrich
(1982:132-133) describes “the puzzling obtrusion of the artist’s own
likeness” onto the portrait they produce, and that this is more prevalent
with the mouth and jaw. When the facial appearances of the Teouma
Lapita remains were first estimated, inexperience and the application of
invalid and erroneous predictions likely combined with manual
sketching to result in some of the facial features having a Western Eu-
ropean inflection — particularly with the curvature of the upper lip
(Fig. 1, top row). There are ethical issues with colonial photographic
practices (e.g., Salvador-Amores, 2016), but having access to a set of
reference population averages has helped retain, rather than overwrite,
the subtle facial morphologies that are common to a particular people,
and this is particularly important when the practitioner does not share
the population affinity of the deceased.

Finally, in our original publication (Hayes et al., 2009) we argued
that including an estimated jaw was not justifiable, and this still holds.
However, and for purely illustrative purposes, referring to the reference
population images enables a depiction of BIOA and B10B with, respec-
tively, the average lower jaw of an older male and older female (Fig. 11).

5. Conclusions

Revisiting the facial approximations of the Teouma Lapita in-
dividuals in the light of more recently available aDNA evidence has been
instructive. There is no doubt that aDNA has had a massive impact on
archaeological interpretation in general, and particularly in the area of
migration studies. Meanwhile, 15 years have passed since the earlier
attempt at putting a face to the Lapita name, and this field of research
has also advanced considerably, not least in the number of statistically
valid predictions for the facial features. Adding all these developments
together has led to improved estimations of the Lapita people’s facial
appearance. However, while these revised estimations deploy a suite of
statistically validated predictions and adhere to both the unique shapes
of the Lapita crania and the average morphological characteristics of
past peoples most closely related to them, the results are, of necessity,
predominantly applications of statistical averages of human cranio-
facial variation and can never be viewed as exact portraits of the past.
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Fig. 11. Revised surface appearance of B10A (left) and B10B (right) with
average lower jaw. Scale 50 mm.
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