
Quaternary Research in 
Indonesia 

Edited by 

S U S A N G . K E A T E S 

Institute of Biological Anthropology, University of Oxford, U.K. 

& 

J U L I E T T E M . P A S V E E R 

Department of Archaeology and Natural History, Research School of Pacific and Asian 

Studies, The Australian National University, Canberra, Australia 

Dedicated to Gert-Jan Bartstra 

A . A . B A L K E M A P U B L I S H E R S LEIDEN / LONDON / NEW YORK / PHILADELPHIA / SINGAPORE 



Mod. Quaternary Res. SE Asia 18: 221-258 © 2004 A.A. Ballcema, Leiden, ISBN 90 5809 674 2 

12. South Sulawesi in the corridor of island 
populations along East Asia's Pacific rim 

D A V I D B U L B E C K 

School of Archaeology and Anthropology, The Australian National University, 

Canberra, Australia 

\ I N T R O D U C T I O N 

The warning bells should have sounded when Hooijer (1950: 66) recorded remarkably 
small teeth on a human fossil from Bola Batu, South Sulawesi (see Fig. 1). He had 
expected larger teeth than those o f the present-day inhabitants o f the peninsula, the Bugis 
and Makasars. Hooijer (1950: 66) rather unconvincingly suggested the Bola Batu 
specimen might be female, i n spite o f its masculine dimensions on other sexually 
dimorphic variables. Jacob (1967a: 126-127) subsequently discussed the Bola Batu teeth 
without drawing attention to their small size. The present writer (Bulbeck 1981) ignored 
Bola Batu in fol lowing the conventional wisdom that ascribes large teeth to pre-
Neolithic Southeast Asians. This paper w i l l reverse past presumptions in presenting the 
case for an ancient, small-toothed population complex that had stretched from Sulawesi 
to Japan (see Fig. 2). 

The South Sulawesi peninsula has long invited comparisons w i th faraway locations. 
During their expedition to Lamoncong, Sarasin and Sarasin (1905a) recorded an isolated 
group o f Toale' ('forest people') and related them to the Veddah hunter-gatherers o f Sri 
Lanka. The Sarasins (1905a) also excavated microliths and bone points, prompting them 
to recognise a 'Toalean culture' on the assumption that the prehistoric makers o f these 
tools were the direct ancestors o f the Toale'. Currently, the Toalean is dated to c. 7000-
2000 BP and, for the purposes o f this paper, can be considered broadly middle Holocene. 
As early as the 1930s, the Toalean was favourably compared wi th Australian Aboriginal 
artefacts, although similarities wi th prehistoric Japan and Sri Lanka have also been 
emphasised (Van Heekeren 1972: 124-125; Bel lwood 1997:' 193-200; Bulbeck et al. 
2000: 71,95-96). 

Employment o f the term 'Toalean' does not necessarily imply accepting the 
Sarasins' claim o f a direct relationship wi th the Lamoncong Toale'. Al though the 
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Figure 1 . Main archaeological sites with human remains in the South Sulawesi peninsula. 

Toale' l ived in (Bugis-style) dwellings in rockshelters, they planted crops, used metal 
tools, and had no knowledge o f flaking stone (Sarasin & Sarasin 1905a: 274-286). Fritz 
Sarasin (1906) seriously biased his attempt to distinguish the supposedly Veddoid Toale' 
from other Sulawesi people, based on facial and body measurements, and wavy hair 
among the Toale'. He availed his study wi th a 'sample' o f destitutes, carefully selected 
on the basis o f appearance, from five places spread widely across the island (Sarasin 
1906: 108 f f , 150-155). When Van Stein Callenfels later measured a sample of 
Lamoncong Toale' males, chosen solely on their lack o f recognisable shared ancestry 
w i t h the Bugis around them, the two groups did not show any clear anthropometric 
differences (Mijsberg 1941). Indeed, Pelras (1996: 37-39) points to archival documents 
which suggest that the Toale' were Bugis exiles, banished to a life o f destitution for 
breaches o f customary law. Pelras (1996: 37-39) concludes that the ethnographic Toale' 
were irrelevant to the original peopling o f South Sulawesi, but he points to Bugis tales 
that supposedly describe non-Bugis denizens w i th physical resemblances to Papuans 
and Australian Aborigines. He follows Bel lwood (1985: 186, 232-233) in deriving the 
Bugis and Makasars from a middle to late Holocene migration o f 'Mongoloid', 
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Figure 2. South Sulawesi in relation to other East Asian sites and places mentioned in the text. The 
approximate extent of the Late Pleistocene landmass submerged during the Holocene is 
indicated by lighter shading within the dashed line (corresponding to the 100 m sea depth 
contour). 

Austronesian speaking farmers from Taiwan to Island Southeast Asia. On the other 
hand, theories o f prehistoric Mongoloid migrations have been queried by Hooijer (1950: 
73) for South Sulawesi specifically, and by Bulbeck (1981: 427-428), Turner (1990), 
Hanihara (1992, 1993) and Storm (1995: 133-135) for Southeast Asia in general. These 
authors instead propose local evolution o f the indigenous hunter-gatherers to produce 
the ethnographically observed indigenes o f the region. To distinguish between the 
Mongoloid migrationist and local evolutionist camps, dental morphological traits 
constitute a critical consideration. Bui lding on previous work, Scott and Turner (1997: 
270-271) demonstrate a 'Sinodont' complex characterised by shovelled incisors and 
various other Mongoloid traits. These should show a clear increase in South Sulawesi 
amongst the Bugis and Makasars, and their direct ancestors, had there been a substantial 
migration o f early Austronesians I rom South China and Taiwan. 
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The first task this paper w i l l tackle is a br ief review o f the scanty published data on 
the skeletal biology o f recent Bugis and Makasars. The second task is a summary o f the 
historical and archaeological evidence on changing mortuary traditions in the peninsula, 
including the available radiocarbon dates from human bone. The evidence suggests two 
traditions: one involving shallow inhumations, often in habitation sites, practised by the 
preceramic Toaleans and continued t i l l the ethnographic Toale'; and a second tradition 
involving a succession o f introduced practices for disposing the remains o f the deceased 
in designated mortuary areas. The latter tradition is reasonably associated wi th the direct 
ancestors o f the Bugis and Makasars, including those buried in caves that had formerly 
sheltered Toalean habitation (Bulbeck 1996-97: 1025-1029). The third task o f this paper 
is to report m y observations on the human remains excavated by Sarasin and Sarasin 
(1905b) in Lamoncong and by Mulvaney and Soejono (1970) in various lowland South 
Sulawesi sites'. A l l o f the author's measurements were taken wi th a Mi tu toyu electronic 
dial calliper, accurate to one hundredth o f a mill imetre, according to the definitions 
given by Mar t in and Sailer (1957: 453-589)^ unless otherwise specified. The 
measurements are reported here rounded o f f to the nearest tenth o f a millimetre for teeth 
and the nearest ha l f a mill imetre for bones. M y data w i l l be combined wi th a review of 
the information reported in the literature to update our current understanding of 
Holocene human evolution in South Sulawesi. 

2. S K E L E T A L C H A R A C T E R I S T I C S OF T H E BUGIS A N D M A K A S A R S 

The Bugis and Makasars are phenotypically similar to other mainstream populations in 
Island Southeast Asia. On the basis o f anthropometric measurements on populations 
located across the Indo-Malaysian Archipelago, and notwithstanding the frequent 
problems o f small sample sizes and l imited batteries o f measurements. Glinka (1981: 
105) classified the Bugis and Makasars w i th indigenous populations from Taiwan, the 
Philippines, West Malaysia, Sumatra, the western Sundas and coastal Borneo. Yen 
(1959) measured 17 Bugis skulls and recorded typical Southeast Asian average 
tendencies such as borderline brachycrany, high-vaulted crania, moderately broad faces, 
tall orbits, and a broad nasal aperture ( c f Bulbeck 1981: Chapter 6). More formally, 
Pietrusewsky (1994) demonstrated that Sulawesi crania clearly belong to a distinct 
Southeast Asian cluster, w i t h particular affinities to crania from Java, Sulu and 
Kampuchea-Lao (see Fig. 2). Though Pietrusewsky included crania from all over 
Sulawesi in his sample, many o f them, i f not the majority, had been collected in 
Makassar (Pietrusewsky 1990: 238), the provincial capital that lies in the heart of 
Makasar speaking lands. 

Published data on the teeth are restricted to the ranges o f the bucco-lingual diameters 
measured by Hooijer (1950: 64) on male Bugis and Makasar skulls curated in the 

' The remains excavated by the Sarasins were recorded during July 2003 at the Natural History 
Museum in Basel, Switzerland (see Acknowledgments). A l l of the remains excavated by 
Mulvaney and Soejono have now been mailed back to the Archaeology Office in Makassar, apart 
from the samples that were sacrificed to obtain radiocarbon determinations. 
^ These measurements are identified as M l , M 2 etc. for each portion of the skeleton. 



ISLAND POPULATIONS ALONG ASIA 'S PACIFIC R I M 225 

Table 1. Bugis-Makasar tooth dimensions compared to Javanese ( in m m ; means and 
ranges). 

tooth dimension Bu ^is-Makasar Batu Ejaya Javanese Javanese 
males unsexed males females 

r mesio-distal — 8.7 (7.9-10.0) 8.6 (7.2-10.0) 8.2 (6.8-9.6) 
l ' bucco-lingual 7.0-8.2 7.2 (6.7-7.6) 7,4 (5.9-8.9) 6.9 (6.0-7.9) 
r mesio-distal — 7.8 (7.6,8.0) 7.0 (5.6-8.4) 6.7 (5.5-7.9) 
1̂  bucco-lingual 5.7-7.4 7.1 (7.0,7.2) 6,7 (5.0-7.8) 6.3 (5.0-7.4) 
C mesio-distal — 7.6 (7.2,8.0) 8.0 (6.9-9.1) 7.7 (6.7-8.7) 
C bucco-lingual 7.7-9.8 8.0 (7.7,8.3) 8,5 (6.8-10.4) 7.8 (6.8-9.0) 
P' mesio-distal — 7.45 (7.3, 7.6) 7.5 (6.4-8.6) 7.3 (6.4-8.2) 
P' bucco-lingual 7.8-11.4 10.05 (9.9, 10.2) 9,8 (8.3-11.6) 9.4 (8.1-10.1) 
P" mesio-distal — 7.0 7.0 (6.0-8.0) 6.9 (5.8-8.0) 
P" bucco-lingual 8.2-11.3 9.6 9,7 (8.4-11.3) 9.2 (8.1-10.7) 
M ' mesio-distal — — 10.8 (9.5-12.1) 10.5 (9.3-11.7) 
M ' bucco-lingual 10.5-13.2 — 11,8 (10.0-13.0) 11.2(10.3-12.7) 
M" mesio-distal — — 10.0 (8.6-11.4) 9.6 (8.2-11.0) 
M" bucco-lingual 10.3-13.0 — 11.7(10.1-13.8) 10.9 (9.0-12.3) 

mesio-distal — — 9.2 (7.3-11.1) 9.1 (7.6-10.6) 
M"* bucco-lingual 9.7-13.6 — 11.2 (7.0-14.5) 10.7 (9.5-12.7) 
I, mesio-distal — 6.1 (5.7,6.5) 5.5 (4.5-6.5) 5.4 (4.4-6.4) 
li bucco-lingual 5.7-7.0 6.05 (5.6, 6.5) 5.9 (5.0-7.0) 5.5 (4.9-6.6) 
1, mesio-distal — 6.6 6.2 (5.2-7.2) 6.1 (5.0-7.2) 
Ij bucco-lingual 5.7-7.1 6.3 6.3 (5.0-7.4) 6.0 (4.6-6.9) 
C mesio-distal — 6.85 (6.8, 6.9) 7.2 (6.2-8.2) 6.8 (5.7-7.9) 
C bucco-lingual 7.5-8.9 8.05 (8.0,8.1) 7.9 (6.5-9.6) 7.2 (6.6-8.1) 
Pi mesio-distal — 7.8 7.3 (6.3-8.3) 7.1 (6.1-8.1) 
Pi bucco-lingual 7.3-10.0 8.6 8.2 (6.6-9.9) 7.7 (6.8-8.6) 
P, mesio-distal — 7.4 7.3 (6.1-8.5) 7.1 (6.0-8.2) 
P, bucco-lingual 7.4-9.5 — 8.5 (7.1-10.1) 8.2 (6.9-9.1) 
M| mesio-distal — 12.8 11.5 (10.2-12.8) 11.2 (9.9-12.5) 
M, bucco-lingual 9.8-12.1 11.4 11.0 (9.9-12.0) 10.7 (9.9-11.9) 
M, mesio-distal — — 10.9 (9.5-12.3) 10.4 (8.9-11.9) 

bucco-lingual 9.7-11.7 — 10.5 (9.0-12.0) 10.2 (8.8-11.1) 
mesio-distal — — 10.9 (9.4-12.4) 10.7 (9.2-12.2) 

M , bucco-lingual 9.3-11.8 — 10.4 (8.9-12.2) 10.2 (9.6-11.1) 

Anatomical Institutes o f Utrecht and Leiden in the Netherlands. The Bugis and 
Makasar ranges barely differ and may be pooled. The combined ranges either coincide 
with or fall comfortably wi th in the ranges o f male Javanese bucco-lingual diameters 
measured by Mijsberg (1941; Table 1). Further, the excavation by Mulvaney and 
Soejono (1970) o f the Batu Ejaya 1 and 2 rockshelters, in a Makasar speaking area, 
produced a small assemblage o f 22 loose human teeth in the second to fourth spits. As 
the teeth are associated wi th artefacts dating to between the seventeenth and twentieth 
centuries, and a 'modem' radiocarbon date from Batu Ejaya 2, they probably belonged 
to Islamic-period Makasars (Bulbeck 1996-97: 1027). Based on the author's 
measurements, the bucco-lingual diameters almost always fall inside Hooijer 's (1950: 
64) male Bugis-Makasar ranges, and all Batu Ejaya tooth measurements fall inside the 
male Javanese ranges (Table 1). Accordingly, we may employ Mijsberg's (1941) 
Javanese tooth measurements as a proxy for the Bugis and Makasars in the absence o f 
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reliable data on the latter populations. Mijsberg's (1941) data usefully include substantial 
sample sizes for both sexes, al lowing the derivation o f a mixed-sex sample that may 
serve for comparisons w i t h unsexed or mixed-sex samples o f prehistoric teeth (see 
section 5). 

The present writer recorded the morphological traits on the 13 Batu Ejaya anterior 
teeth w i t h reference to the Arizona State University (ASU) standard plaques (Scott & 
Turner 1997). Upper incisor shovelling includes one case o f absence (ASU 0), one slight 
( A S U 2), two medium ( A S U 3 and 4), and two markedly shovelled cases (ASU 5). 
Three o f these six upper incisors also evince double shovelling ( A S U 2 and 3). As 
regards the three lower incisors, two are slightly shovelled ( A S U 1 and 2). These rather 
high incidences o f shovelling are more in accord wi th data on Northeast Asian than 
Southeast Asian populations (e.g. Hanihara 1992; Scott & Turner 1997: 183). The same 
comment applies to the 50% incidence o f interruption grooves on the six Batu Ejaya 
upper incisors. The tuberculum dentale on the upper incisors was absent in one case, 
trace in two cases and o f moderate development in two cases, while central upper incisor 
curvature scored A S U 1 in two cases and A S U 3 in two cases. One o f the two upper 
canines showed trace shovelling, as did one o f the two recordable lower canines. In 
summary, the Batu Ejaya teeth have a rather 'Sinodont' profile, even i f the miniscule 
sample size prevents drawing a hard distinction from other Southeast Asian populations. 

3. T H E T R A D I T I O N OF P R I M A R Y B U R I A L S I N S H A L L O W GRAVES 

When the Sarasin cousins visited Lamoncong they did not explicit ly record the mortuary 
customs o f the Toale' but they did obtain permission from the local Bugis chief to 
excavate a known Toale' grave. Their br ief report merely mentions that the skeleton had 
already decomposed apart from the teeth which crumbled in their hands (Sarasin & 
Sarasin 1905a: 293). This account would be consistent wi th many interpretations 
including inhumation in a shallow grave, which is the l ikely mortuary scenario for the 
burial excavated by Sarasin and Sarasin (1905b) from the Upper Cakondo limestone 
shelter. Before describing the human remains excavated by the Sarasins, I shall review 
the archaeological evidence for a middle Holocene antiquity for the practice o f shallow 
inhumations in South Sulawesi. 

3 .1. Leang Burung 1 

The only certain Toalean burial known is the human material from Leang Burung 1, 
Trench B . I recorded the bone as partly fossilised and typically encrusted with a 
calcareous accretion. The deposits in Trench B virtually lack potsherds but are rich in 
microliths, and have yielded two charcoal dates o f 3420 ± 400 BP (ANU-390) and 4880 
± 480 BP (ANU-1264) (Pasqua & Bulbeck 1998). The human remains themselves were 
sacrificed to y ie ld a date o f 4610 ± 220 BP (ANU-6175) (Pasqua & Bulbeck 1998). 
Taking into account the stratigraphic location o f the dated samples, and the two-sigma 
confidence intervals after calibration, Pasqua and Bulbeck (1998) conclude that Toalean 
habitation continued in this location more or less uninterrupted by the burial, which 
occurred at some point between 5850 and 4650 BP. 
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Table 2. Measurements of the Leang Burung 1 Trench B human bone compared to recent 
Northeast Asian and Australian measurements (in mm). 

location measurement result Northeast 
Asians 

Australian 
Aborigines 

sq. 3, spit 8 interorbital breadth between 
the maxillofrontale (DC) 

22.5 24 .0 ± 2 .4 (M) 23.5 (M) 
22 .4 (F) 

sq. 3, spit 13 humerus epicondyle width ± 5 2 56.9 ± 3 . 0 (M) 57.1 ± 3 . 7 (M) 
( M 4 ) 50 .1 ± 3 . 1 (F) 49.8 ± 3.5 (F) 

sq. 2, spit 9 humerus sagittal head ± 4 0 43.3 ± 2 . 2 (M) 41.8 ± 2 . 6 (M) 
diameter (MIO) 38 .2 ± 2 . 0 (F) 36.3 ± 2 . 3 (F) 

sq. 3, spit 1 4 second manual medial 
phalanx length ( M 1 ) 

22.5 22.5 ± 1.6 (M) 26 .4 ± 3 . 0 (M) 

sq. 2, spit 9 first metatarsal length 
( M l ) 

55 58.8 ± 2.9 (M) 58.3 ± 5.7 (M) 

sq. 1, spit 6 fourth pedal proximal 
phalanx length ( M l ) 

22.5 23 .1 ± 1.6 (M) 23.8 ± 2 . 0 (M) 

sq. 1, spit 5 upper thoracic vertebra 1 4 15.9-18.0 (M) 14.4-16.9 (M) 
anterior disc height 14.8-16.8 (F) 12.7-15.0 (F) 

sq. 1, spit 5 upper thoracic vertebra disc 
cranial transverse diameter 

23 25.2-30.3 (M) 
22 .7-28 .6 (F) 

sq. 3, spit 8 medial thoracic vertebra 2 0 18.4-19.5 (M) 16.8-18.8 (M) 
anterior disc height 16.5-18.0 (F) 15.1-16.6 (F) 

sq. 3, spit 8 medial thoracic vertebra disc 
cranial sagittal diameter 

20.5 21 .6 - 25 .6 (M) 
19.7- 23 .1 (F) 

Note: Post-cranial data on Southeast Asians are too sparse to afford any meaningful comparisons. 
Northeast Asians are represented by Japanese on DC (Harada 1954: 15), humerus M4 and 
MIO (Sendo 1957), and the average measurements of the upper thoracic (8* to 11*) and 
middle thoracic (12* to 15*) vertebrae (Tsunematsu 1957). North Chinese represent 
Northeast Asians on their extremity measurements (Von Bonin 1931a, 1932). Australian 
Aboriginal DC averages, from Morant (1927), involve only two males and seven females. 
Other Australian Aboriginal data are from Van Dongen (1963), Rao (1966: 41, 108-109), 
and Tulsi (1972). As it is not clear where the Leang Burung 1 vertebrae belong on the 
thoracic column, standard deviations do not figure in the comparative Japanese and 
Australian data. 

Even though the remains are spread across the trench from squares 1 to 5, and from 
spits 5 to 14, two lines o f evidence point to a single, adult individual. First, elements 
from the entire skeleton are present without any duplication. They include a naso-frontal 
articulation, left upper incisor, right posterior maxillary fragment including the second 
molar, two cross-mending calotte fragments, right distal humerus epiphysis, ha l f o f the 
left humerus head, ulna fragment, right manual second medial phalanx, upper thoracic 
vertebra disc, medial thoracic vertebra disc, part o f the greater trochanter o f the left 
femur, two femoral shaft fragments, left first metatarsal, and the fourth pedal proximal 
phalanx. The consistently fused status o f any epiphyseal junctions, and the advanced 
wear on the incisor and second molar - c and g3 respectively in the system o f Murphy 
(1959) - are evidence o f a mature adult. Secondly, the available measurements 
consistently suggest a small male or a moderately large female adult (Table 2). They 
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always lie wi th in two standard deviations beneath the average recorded on recent 
Northeast Asian and Australian Aboriginal males, excepting the tall anterior height of 
the medial thoracic vertebral disc. 

The arms were evidently flexed at the time o f burial, and the head may have lain 
towards the east. Evidence on the first c laim comprises the residual bits o f bone, on the 
anterior surface o f the humerus epicondyle, which are consistent w i th their derivation 
from the proximal epiphyses o f the radius and ulna. As regards the second point, the 
cranial fragments were al l recovered from squares 4 and 5, which are juxtaposed towards 
the east o f Trench B , whereas the two pedal fragments were excavated in squares 1 and 2 
at the west o f Trench B (see Chapman 1981: Fig. 3.1). The east-west extent o f the 
human remains would have measured between three and four metres, half o f which 
would correspond to the length o f a primary inhumation. Hence we may interpret the 
Leang Burung 1 Trench B individual as a disturbed, possibly extended primary 
inhumation whose arms were flexed at the time o f burial, and whose head lay towards 
the east. Disturbance o f the skeleton would be consistent w i th burial in a shallow grave. 

3.2. Bola Batu 

The partial skull excavated at Bola Batu, a rockshelter wi th numerous bone points and 
microliths to a depth o f almost 1.5 metres below the surface, can be accepted as our 
second Toalean burial. Al though the stratigraphic position o f the remains has not been 
reported, there would appear to have been minimal use o f the site in late prehistoric 
times. The 13 Chinese sherds, o f sixteenth to nineteenth century date, outnumber the 
eight earthenware sherds from the excavation, and extend equally deeply in the profile 
(Van Heekeren 1949: unlabelled unpaginated graph), so all pottery possibly postdates 
the fifteenth century A D . The description o f the human remains as slightly mineralised 
(Van Heekeren 1949: 99) matches the condition o f the human bone from Leang Burung 
1, Trench B . The advanced occlusal attrition and lack o f caries on the mandibular teeth 
(Hooijer 1950: Plate 11) are consistent w i t h a hunter-gatherer diet. Further, uncremated 
cranial fragments are rare among the recorded, late prehistoric assemblages o f human 
remains described in section 4. Hence all available lines o f evidence agree in suggesting 
an early to middle Holocene status for the Bola Batu fragmentary skull. 

3.3. Parangeang 

Passing reference can be made to the fossilised cranium, found in a limestone sinkhole, 
in the possession o f the villagers at Parangeang, Selayar Island (see Fig. 1). No 
professional description has appeared o f this specimen which in many ways resembles 
the pre-pottery, Sampung F cranium from Java. M y notes and scaled photographs record 
a short, flat and rugged face, a very high-vaulted cranium, weakly developed glabella 
and superciliary ridges, and a quite large palate. Impressionistically, the Parangeang 
fossil could merge into the same population wi th the Leang Burung 1 and Bola Batu 
Toaleans, based on the lack o f obvious contrasts in the morphology o f the anterior 
frontal bone (see section 6). 
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3.4. Upper Cakondo 

Less ancient than the preceding three burials is a partial skeleton excavated by the 
Sarasins at a depth o f 20 to 30 cm in the Upper Cakondo rockshelter, Lamoncong, in 
levels wi th earthenware pottery (Sarasin & Sarasin 1905b: 58). M y inspection revealed 
the formation o f a calcreted skein on the bone's surface through interaction wi th the 
lime-rich deposit, and a semi-fossilised condition similar to that observed on the c. 1000 
year old jar-burial remains from Leang Buidane in the Talaud Islands (Bulbeck 1981: 
14). As the occupation o f the Upper Cakondo shelter can be dated entirely to the late 
Holocene (see Simons & Bulbeck, this volume), all indications agree on the l ike ly age o f 
the burial in the order o f 1000 BP. Elements o f the skeleton are represented without 
duplication from the head to the toes, and on both sides, w i t h a particular emphasis on 
hand and foot bones, so we wou ld seem to be dealing wi th a single primary burial. A l l o f 
the elements except some o f the hand and foot bones are fragmentary. In particular, the 
cortical bone o f the femoral shafts is blackened on both its interior and exterior surfaces. 
This suggests exposure to heat, presumably from a hearth dug into the adjacent deposit, 
after the flesh had decomposed and the femora had experienced some breakage. 
Interment o f the burial in a shallow pit in a site w i th ongoing habitation evidently led to 
considerable post-depositional damage. As w i l l be explained later, i t is reasonable to 
treat the Upper Cakondo burial as belonging to the population directly ancestral to the 
Toale'. 

Sarasin and Sarasin (1905b: 60) identified the individual as a male about 20 years o ld 
at death wi th a left humerus o f approximately 293 m m length. M y observations suggest 
the deceased person may have been slightly younger, 17-20 years o ld at death, and 
perhaps a female notwithstanding the problems that face assigning sex to a single, 
adolescent individual from an otherwise undocumented population. In addition, as 
segments 3 and 4 o f the left humerus (see Steele & M c K e m 1969) approximately equal 
164 m m and 22.5 m m respectively, then a maximum humerus length similar to the 
Sarasin and Sarasin's estimate would result only from using the female version o f the 
regression formulae developed by Steele and M c K e m (on Mesoamericans). Applicat ion 
of Steele and M c K e m ' s regression formulae developed for males would produce a 
humeras length estimate o f 305.2 ± 9.2 mm, considerably more than the estimate o f 
295.65 ± 9.2 m m obtained from assuming that the individual were female. This variance 
however would hardly affect the estimate o f the person's stature when alive, which can 
be obtained from estimating corpse length using the regression formulae in Bergman and 
The (1955: 200), and subtracting 2 cm for the slight excess o f corpse length compared 
to l iving stature (Snell 1949: 358). Corpse length wou ld be estimated as 164 ± 3.8 cm for 
a male and 165 ± 4.5 cm for a female, yielding a stature estimate o f 162-163 cm. 

Evidence for a sub-aduft age is as follows ( c f Brothwel l 1981: 64-72). The extant 
teeth, which comprise two upper premolars, an upper first and a lower first molar, and a 
lower second molar, show incipient dentine exposure ( 'a ' in the system o f Murphy 1959) 
on the first molars but merely enamel polishing on the other teeth; w i th reference to the 
age-wear gradient system o f Miles , which o f course may or may not be particularly 
applicable to the Upper Cakondo skeleton, this expression o f wear would characterise 
younger individuals in the 17-25 year o ld range (Brothwel l 1981: 72). The calotte 
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Table 3. Upper Cakondo post-cranial measurements comparable wi th those o f recent 
Northeast Asians and Australians ( in mm). 

measurement Upper Northeast Australian 
Cakondo Asians Aborigines 

humerus maximum length ( M l ) 305.2 ± 9 . 2 ( i f M ) 296 .4± 13.0(M)* 320.3 ± 16.4 (M)* 
(Upper Cakondo, L) (JM) 295.65 ± 9 . 2 ( i fF) 273.0 ± 12.8 (F) 302.4 ± 14.1 (F)* 

humerus epicondyle width ± 5 4 L 56.9 ± 3 . 0 (M)* 57.1 ± 3 . 7 ( M ) * 
(M4) 50.1 ±3 .1 (F) 49.8 ± 3.5(F) 

humerus mid-shaft major diameter ± 2 1 . 5 L , ± 18R 22.2 ± 1.7 (M) 20.7 ± 2.2 (M)* 
(M5) (mean 19.8) 19.9 ± 1.3 (F)* 17.3 ± 1.8(F) 

humerus mid-shaft minor diameter ± 15 L , ± 12.5 R 17.2 ± 1 . 2 (M) 16.2 ± 1.8 (M) 
(M6) (mean 13.75) 14.9 ± 1.0(F)* 12.9 ± 1.45 (F)* 

humerus minimum circumference ± 53 L , 50 R 64.2 ± 4.7 (M) 59.3 ± 5.4 (M) 
(M7) (JF) (mean 51.5) 57.2 ±3 .5 (F) 48.5 ± 4.4 (F)* 

humerus surgical circumference ± 6 1 L 70.1 ± 6 . 9 (M) 
(Van Dongen 1963) 57.6 ± 6.0 (F)* 

radius shaft transverse diameter 14.5 R 16.2 ± 1 . 4 (M) 14.9 ±1 .45 (M)» 
(M4) 14.6 ± 1 . 5 (F)* 12.8 ±1 .5 (F) 

radius shaft sagittal diameter 9.5 R 11.8 ± 1.0 (M) 11.7 ± 1.1 (M) 
(M5) 9.7 ± 0.6 (F)* 10.1 ± 0.9(F)* 

femur mid-shaft sagittal diameter ± 24.5 L , ± 25 R 26.5 ± 2.0 (M)* 27.6 ± 2.6 (M) 
(M6) (mean 24.75) 23.6 ± 1.5 (F)* 23.9 ± 2.6(F)* 

femur mid-shaft transverse ±19 .5 L , ± 1 8 R 25.4 ± 2.2 (M) 24.6 ± 1.7 (M) 
diameter (M7) (mean 18.75) 23.2 ± 1.6(F) 22.4 ± 1 . 3 (F) 

femur mid-shaft circumference ± 7 0 L , ± 7 1 R 82.3 ± 5 . 3 (M) 82.4 ± 5.9 (M) 
(M8) (JF) (mean 70.5) 73.3 ± 4.2(F)* 72.3 ± 4.9(F)* 

femur transverse condylar breadth ± 7 2 R 78.6 ± 3.2 (M) 69.9 ± 2.8 (M)* 
(M21) 69.6 ±2 .1 (F)* 61.3 ± 2 . 7 (F) 

fourth metacarpal length 43 R 55.2 ± 3.0 (M) 54.7 ± 4.9 (M) 
( M l ) 

second manual proximal phalanx 35 R 38.8 ± 2.0 (M) 41.4 ± 2.9 (M) 
length ( M l ) 

fourth manual proximal phalanx ± 3 5 L 41.0 ± 2 . 0 (M) 40.7 ± 3.3 (M) 
length ( M l ) 

second manual medial phalanx 25 L , 24.5 R 22.5 ± 1.6 (M) 26.4 ± 3.0 (M)* 
length ( M l ) (mean 24.75) 

third manual medial phalanx 28 L 27.0 ± 1.7 (M)* 29.9 ± 2.8 (M)* 
length ( M l ) 

fifth manual medial phalanx ± 1 7 . 5 L 17.9 ± 2.0 (M)* 21.2 ± 1.9 (M) 
length ( M l ) 

first metatarsal length 50 L,50 R 58.8 ± 2.9 (M) 58.3 ± 5.7 (M) 
( M l ) 

fourth metatarsal length 54 L 67.2 ± 4.2 (M) 65.9 ± 6.0 (M) 
( M l ) 

fifth metatarsal length 58 L 62.9 ± 3.8 (M) 64.0 ± 5 . 2 (M) 
( M l ) 

second pedal proximal phalanx 27 L - 26.8 ± 1.7 (M)* 28.1 ± 2 . 3 (M)* 
length ( M l ) 

third pedal proximal phalanx 22 L 24.9 ± 1.6 (M) 25.7 ± 2.3 (M) • 
length ( M l ) 
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Table 3 (continued). Upper Cakondo post-cranial measurements comparable with those of recent 
Northeast Asians and Australians (in mm). 

measurement Upper Northeast Australian 
Cakondo Asians Aborigines 

fourth pedal proximal phalanx 
length ( M l ) 21.5 L ,21 R 23.1 ± 1.7 (M) 23.7 ± 2.0 (M) 

fifth pedal proximal phalanx 
length ( M l ) 19.5 R 21.4 ± 1.7 (M) 21.7 ± 2.0 (M) 

second pedal medial phalanx 
length ( M l ) 14.5 L 12.1 ± 2 . 4 (M)* 13.4 ± 1.6 (M)* 

Note: Some comparative post-cranial data on Javanese are available (Bergman & The 1955) and, 
as shown in the first column, the humerus length could lie within one standard deviation of 
the male Javanese mean (JM) but the two circumferences instead lie within one standard 
deviation of the female mean (JF). Asterisked values in later columns are those that would 
include the Cakondo measurement within one standard deviation of the mean. Northeast 
Asians are represented by Japanese on the humerus (Sendo 1957), radius (Mizoguchi 1957) 
and femur (Abe 1955). North Chinese represent Northeast Asians on their extremities (Von 
Bonin 1931a, 1932). Australian Aboriginal data are from Van Dongen (1963), Rao (1966: 
41-43, 108-110, 265), and Davivongs (1963). 

fragments, which consist o f portions o f the occipital and right parietal, show no trace 
of suture fusion. The lines o f fusion between the distal epiphysis and the shaft on the left 
humerus, and the proximal epiphysis and the shaft o f the right radius, are st i l l visible. On 
the other hand, the distal epiphysis o f the left t ibia is completely fused to the shaft, and 
many extremity bones also show complete fusion o f the epiphysis and the shaft (both 
fourth metacarpals; left fifth metacarpal; first, second and fourth right proximal manual 
phalanges; both second, right third, and right fifth medial manual phalanges; a left distal 
manual phalanx; both first and fifth metatarsals; left third and right fourth metatarsals; 
left first to fourth proximal pedal phalanges; right fourth and fifth proximal pedal 
phalanges; and the left second medial pedal phalanx). The individual had probably 
reached full adult height by the time o f death but may have still been a teenager. 

Evidence for the Upper Cakondo skeleton's female status comes from the 
observation that only its humerus maximum length and epicondyle wid th have typical ly 
masculine values by the standards o f recorded East Asian and Australian populations 
(Table 3). Most extremity bone lengths fal l more than one standard deviation below 
recent North Chinese or Australian Aboriginal male means. Most circumferences and 
diameters o f the limb-bone shafts have typically female values, sometimes ultra-
feminine values, by the standards o f recent Australians, Japanese, and (where 
comparison is permitted) Javanese. The limb-bone data overall suggest quite long limbs, 
at least for the upper arm, along wi th slender epiphyses whose breadth in relation to 
limb-bone lengths are similar to those o f Australian Aborigines, and slender shafts even 
by female Australian standards. This skeletal gracility is more an Australian than 
"Mongoloid" pattern (see Table 3 and references cited there) and may suggest the Upper 
Cakondo person was either a small male or average-sized female o f non-Bugis affinity. 
Postcranial gracility is also indicated by the burial 's small deltoid tuberosity and barely 
perceptible intertubercular groove on the humeri, although the linea aspera on the 
femora are healthy, and the supinator crest and tuberosity on the uhia are robust. Finally, 
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on most observable cranial characters where Australian Aborigines show any sexual 
dimorphism, the Upper Cakondo fragments have either the distinctly feminine 
expression (small zygomatic trigone) or the expression which is more common on 
females than males (absent vault gabling, transverse occipital torus or external occipital 
protuberance, along w i t h a small anterior nasal spine). Only the specimen's distinctly 
rounded orbital malar border and absent to slight parietal bossing reverse this 
generalisation (Lamach & Macintosh 1966: 14, 22, 35, 51-52, 56-57; Lamach & 
Macintosh 1970: 11, 19, 28, 40, 43-45). O f course, at least some o f the Upper Cakondo 
cranial features are more typical o f Indonesian than Melanesian or Australian males, but 
absence o f recorded Indonesian female data renders the significance o f this point obscure 
(see Bulbeck 1981: 304-308). 

Table 4 presents the mesio-distal and bucco-lingual dimensions o f the extant Upper 
Cakondo teeth, along wi th those traits which are included in Hawkey's (2002) world 
coverage o f dental morphological variation. The second molar is small and its breadth 
indeed falls below the recorded Bugis-Makasar range, but otherwise the Upper Cakondo 
tooth dimensions usually match the Javanese male averages without, however, falling 
outside o f the recorded female Javanese range (see Table 1). The 11 tooth 
morphological traits compare wel l in their development w i th the modal expression found 
amongst populations across Asia and the southwest Pacific. This point is quantified with 
a simple ratio showing the number o f traits on which the Upper Cakondo expression 
characterises at least 50% o f the teeth in the sample or group o f samples wi th which 
Upper Cakondo is being compared, versus the number o f traits on which the Upper 

i Cakondo expression is found on the minori ty o f teeth in that sample or group o f samples. 

( I f the observed samples from a location include cases wi th a >50% occurrence as well 
~ ; as cases wi th a <50% occurrence, we exclude that trait in reckoning the >50% : <50% 
, I agreement ratio.) Clearly, most o f the Upper Cakondo dental morphological traits match 
• ; the usual expression for populations in the general Australasian region, wi th perhaps a 

closest similarity to southwest Pacific populations and the prehistoric Jomon o f Japan 
(Table 4) . There is quite a difference in this respect from the Sinodont-tending teeth 
from Batu Ejaya, and, to the degree that a single partial skeleton (as we have from Upper 
Cakondo) could be considered at all diagnostic, it may be suggested that the populations 
represented by the Upper Cakondo burial and the Batu Ejaya teeth differed in their 
ancestry. 

t • 3.5. Lompoa 

To conclude Section 3, I should mention two partial skeletons, apparently derived from 
disturbed primary burials, found at undisclosed depths in the Lompoa limestone shelter 
in Maros (Hooijer 1950: 69-72). The site has abundant pottery in its upper levels 
(Franssen 1949) and Van Heekeren considered the burials too recent to represent 
Toaleans (Hooijer 1950: 69). Unfortunately, as there is no published information on their 
orientation, they could have been north-south directed Islamic burials, or east-west pre-
Islamic Makasar inhumations ( c f Bulbeck & Rowley 2001), and thus not necessarily 
inhumations in the Toalean-Toa/e' tradition. The scanty data available mention a right 
humems o f maximum length around 270 m m (Hooijer 1950: 69) on the more complete 



Table 4. Upper Cakondo tooth sizes in mm, and comparative data for main dental traits. 

tooth mesio- bucco- Cakondo morphological recent Ainu; Jomon recent recent South Southwest 
distal lingual expression Southeast Asia Northeast Asia Asia Pacific 

right P' 7.4 9.9 odontome absent 95.8-100% —; 96.6% 95.0-100% 100% 97.0-100% 

right P' 8.0 9.5 odontome absent 95.8-100% ~ ; 96.6% 95.0-100% 100% 97.0-100% 

left M ' 10.8 11.6 Carabelli's a '2 ' pit (absence of tubercle 50.0-74.1% 89.6, 89.8%; 69.8-94.2% 49.5-83.0% 65.3-82.9% 
or cusp) 91.7% 

Cusp 5 a '2 ' expression (present) 13.5-45.5% 10.8%; 31.5% 3.2-28.1% 4.0-24.1% 43.3-66.7% 

enamel extension slight ( T ) buccally 39,4-64.5%) —; 80.3% 48.5-59.8%, 87.0-97.3%, 91.8-96.7% 
and absent lingually (below 
breakpoint) 

left M , 11.4 10.9 Cusp 6 (entoconuiid) absent 63.9-72.1% 74.2, 76.2%; 50.0-100% 76.2-99.3% 52.7-94.6% 
53.3% 

Cusp 7 (metaconulid) absent 86.9-96.0% 95.7, 97.6%; 89.4-94.8% 83.9-98.9% 92.0-93.4% 
94.7% 

distal trigonid crest absent 88.9-90.0% 94.8%; 93.2% 79.6-94.3% 84.9-95.5% 96.0-100% 

deflecting wrinkle absent 80.6-89.4% 60.4,71.4%; 60.5-89.9% 74.1-96.8% 83.8-87.7% 
95.1% 

left 10.3 9.6 Cusp 5 (hypoconulid) a '3 ' expression 31.1-74.2% 42.4%; 71.3% 10.6-96.5% 3.6-27.0% 15.8-61.2% 
(i.e., not a 4-cusped molar) 

Y-groove present 15.7-25.5% 11.3%; 32.1% 6.5-20.2% 11.7-64.5% 3.5-36.6% 

>50% : <50% agreement ratio 7;2 5:3; 9:2 7:2 7:2 8:1 

Note: Comparative data from Hawkey (2002: Appendix B) for samples' observations with sample size > 20, except Ainu (from Turner & Hanihara 
1977, and Hanihara 1992), and Sahul-Pacific data not provided by Hawkey (taken from Scott & Turner 1997: 192-223). Given that premolar 
odontomes are rare on all populations recorded to date, the "agreement ratio" for Ainu could be safely reckoned at 7:3. Recent Southeast Asia 
includes Hawkey's Burma, Thailand, Southeast Asia, Indo-Malaysia, and East Malay Archipelago samples. Recent Northeast Asia includes 
Hawkey's Amur, Siberia, North China/Mongolia, Japan, South China, and Tibetan samples. Recent South Asia includes Indo-Gangetic, 
Deccan, Northwest, Tamil, Vedda, Sinhalese, Bengal, East India, South India, and West India (4 samples). Southwest Pacific includes 
Australian Aboriginal, Melanesia and New Guinea samples. 
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skeleton, suggesting a female based on its small size. This would lead to an estimated 
corpse length o f 150.3 cm using the formulae in Bergman and The (1955) and a stature 
o f about 148 cm during life. The burial thus compares wel l both wi th Javanese females 
(average corpse length 152.3 cm, Bergman & The 1955) and Lamoncong Toale' females 
(average stature 147.7 cm, Sarasin 1906: 150). (Direct comparisons wi th Mijsberg's 
(1941) anthropometric data are impossible as Van Stein Callenfels had only measured 
male subjects.) 

4. T H E T R A D I T I O N OF D E S I G N A T E D M O R T U A R Y L O C A T I O N S 

Between approximately 2500 BP, and the widespread adoption o f Islam in South 
Sulawesi during the seventeenth century A D , a highly diverse range o f mortuary 
practices is revealed in the archaeological record o f the lowland regions inhabited by 
Makasar and Bugis speakers during historical and ethnographic times. These practices 
involved cremating the corpse and interring the ashes in jars; interring uncremated 
remains in large earthenware jars; the secondary disposal o f defleshed bone, either 
directly or after its cremation; burial o f disarticulated teeth; and, beginning in the 
fourteenth century, inhumation o f east-west oriented corpses as a specifically Makasar 
practice (Bulbeck 1996-97: 1025-1032). A l l o f these practices find a parallel wi th late 
prehistoric practices found elsewhere in the Indo-Malaysian archipelago, including a 
pattern whereby the remains o f the deceased were deposited in locations without 
evidence o f coeval habitation (Bel lwood 1997: 290-307; Bulbeck 1996-97: 1032-1035). 
This observation suggests that either the direct ancestors o f the pre-Islamic Bugis and 
Makasars had inherited a cultural 'blueprint ' which stimulated a variety o f mortuary 
practices shared wi th other Austronesian speakers, and/or openness to the adoption of 
mortuary customs practised by contemporary conmiunities in Island Southeast Asia. 

Burial o f the ashes o f the deceased in jars, as practised by the Bugis at the time of 
their conversion to Islam, appears to have been the preferred custom o f Makasar 
speakers before their fourteenth century switch to inhumations. Burnt scraps o f bone 
have been radiocarbon dated from two open-air burial grounds near Makassar with 
cremations and sherds from large jars. After calibration the one-sigma confidence 
intervals are A D 970-1270 and 1280-1650. A further eight open-air burial grounds near 
Makassar reportedly produced burnt human bone fragments, usually interred in jars. A l l 
cases were associated wi th twelfth to fourteenth century imported ceramics, or else 
reports o f iron, gold and bronze grave goods o f suspected fourteenth century or earlier 
age. Slightly older than these cremated remains is an umfield, also near Makassar, of 
egg-shaped jars taking bound corpses wi th no grave goods other than decorative beads 
(Bulbeck 1996-97: 1029-1032). 

Charred human bone has been recovered fi-om two limestone shelters in Leang-
Leang, Maros. Boedhisampurno (1982a) identified four adult males and two adult 
females from the 190 fragments collected by Ian Glover (1978) at the entrance to Leang 
Pette Kere. Boedhisampumo (1982a) cited Glover's estimate o f 2500 to 1000 BP for the 
associated earthenware pottery, and concluded that the fragments were produced through 
the cremation o f corpses or recently defleshed bones. The present writer has studied the 
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Table 5. Radiocarbon dates on bone fragments from Leang Burung 1 Trench A. 

square and spit material lab. no. determination calibrated 
2-sigma range 

sq. 4, spits 6, 8, 12 burnt femur collagen ANU-6173 2260 ± 90 BP 2010-2460 BP 
sq. 4, spits 6, 8, 12 burnt femur apatite ANU-6173 1660 ± 190 BP 1180-1990 BP 
sq. 8, spits 3-4 burnt femur collagen ANU-6174 640 ± 240 BP 0-1050 BP 
sq. 8, spits 3-4 burnt femur apatite ANU-6174 1660 ± 190 BP 1180-1990 BP 
various unbumt bone apatite ANU-6172 1160 ± 2 0 0 BP 670-1410 BP 

Note: Calibrated with CALIB 3.03 (Stuiver & Reimer 1993). The conjoining femur fragments 
from spits 6, 8 and 12 in square 4 (see Table 6) yielded the paired collagen and apatite 
radiocarbon determinations identified as ANU-6173. The conjoining femur fragments from 
spits 3 and 4 in square 8 (see Table 6) yielded the paired collagen and apatite radiocarbon 
determinations identified as ANU-6174. 

human fragments from Trench A at Leang Burung 1, most o f which are burnt 
(see below). Their radiocarbon dates are problematical since, i n the two cases when the 
collagen and apatite fractions from the same sample were dated, the calibrated 
determinations fail to overlap at two standard deviations (see Table 5). Bone tends to 
produce coarse radiocarbon determinations (e.g. Spriggs 1989). Nonetheless, all five 
determinations fall whol ly or partly wi th in the 2500-1000 BP bracket nominated by 
Glover for the Leang Pette Kere cremated bone. We may infer that the dates in Table 5 
refer to Early Metal Phase burials (c. 2000-1000 BP), notwithstanding the paucity o f 
metal fragments in the trench. The exact chronological relationship between the burials 
of burnt bone, and those o f unbumt bone, is unclear. 

Mulvaney and Soejono (1970) obtained a radiocarbon date o f 2820 ± 210 BP ( A N U -
391) on charcoal from spit 17 in square 3, i.e. 2360-3460 BP (calibrated, two-sigma 
confidence range). Potsherds, along w i t h microliths and other stone artefacts, were 
recovered from every spit above the charcoal date. Stone artefacts without any pottery 
continued from spit 17 to spit 23 in squares 3 to 5 (Chapman 1981: 24, 50A, 103A). 
Mulvaney and Soejono (1970: 171; Chapman 1981: 105A) cross-mended two incised 
potsherds from spit 13 in square 3 and spit 4 in square 5, ch"amatically confirming the 
stratigraphic indications o f massive disturbance o f the deposit. The human remains 
reiterate the pattem shown by the pottery (Table 6). They occur mainly in spits above the 
radiocarbon date. Fragments belonging to the same specimen were up to six spits apart 
and, in one case, extended from squares 3 to 6. The burial o f these remains wou ld have 
been one factor disturbing the deposit though, as noted by Chapman (1981: 33), post-
depositional factors must have been involved as wel l . Disturbance does not appear to 
have proceeded below the level o f the radiocarbon date, but all materials above i t have 
been extensively reworked. Hence there are no stratigraphic grounds to dispute the 
chronometric evidence that the charcoal date marks the cusp o f a 'ceramic Toalean' 
habitation phase (c. 3000-2000 BP) which was itself fol lowed by Early Metal Phase 
burials (c. 2000-1000 BP). 

W i t h this evidence for substantial disturbance o f the Leang Bumng 1 Trench A 
deposit, the quantity o f its burials should be gauged by their m i n i mum number. The 
bumf mandible fragments (n=8) represent three individuals, to w i t , two adult males 
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Table 6. Distribution o f the human remains in Leang Burung 1 Trench A by square and 
spit. 

square 

spit 

1 

2 

3 

4 

5 

6 

7 

8 

11 

12 

13 

14 

18 

M(b) 

M* (b) 

F(b) 

F(b) 

H, L (b) 

T (b) M*(b) 

M* (b), L (b) L (b), F (b) 

H A(b) 

J (b) 

S(b) A(b),L'(b) 

M(b) 

V(b) 

# 
M (b),F(b) 

T (b) L-' (b) 
# 

F, M (b) 

L-'̂ (b) 

S(b) 
F(b) 

M 
Note: T=teeth, M=mandible, A=arm, H=hand, S=scapula/clavicle, V=vertebra, L=leg, F=foot. 

A l l specimens are small and the great majority are very fragmentary, (b) indicates 
bumt remains. Identical superscripts indicate matching specimens (including the two 
femur specimens cited in Table 5). Excavation did not continue below spit 7 in Squares 1-2 
and 6-8. 

and one unsexed adult (see section 7). The other bumt fragments could all fit into this 
assessment. For instance, the two radiocarbon dated femur fragments (possibly right and 
left o f the same individual) appear male from their rugged linea aspera and their mid
shaft circumferences o f 76 and 78 m m ( c f Bergman & The 1955: 207). The unbumt 
fragments add two further individuals. One is an adolescent represented by a fragment of 
an incompletely fused humerus head and a third molar wi th incompletely formed roots. 
The other is an adult represented by phalanges wi th completely fiised epiphyses, and a 
mandible fragment whose socket for the third molar shows ful l root development. The 
exact chronological relationship between the burials o f bumt bone, and those o f unbumt 
bone, is unclear (see Table 5), but they may be contemporary in view o f the Early Metal 
Phase antiquity posited for the unbumt human remains from U l u Leang 2 (see below). 

The bumt remains constitute a more substantial sample than the unbumt remains, and 
their skewed anatomical representation (see Table 7) requires explanation, (i) The near 
absence o f tooth crowns, also noted by Boedhisampumo (1982a) for Leang Pette 
Kere, can be attributed to the destraction o f tooth enamel during the crematory process. 
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Table 7. Weight of Leang Burung 1 Trench A human remains (in grams). 

anatomical region and component fragments bumt unbumt 

teeth (bumt: 2 loose roots, P,; unbumt: M„ 1 loose root, unprovenanced P' 0.9 4 .2 
and P ') 
mandible 48.5 2.9 
arm (right humems, left ulna) 13.6 — 
hand (proximal phalanx) — 3.7 
scapula (left glenoid cavity) and clavicle (right distal articulation) 9.3 — 
vertebra (lumbar disc) 6.8 — 
leg (2 femur shaft specimens, 1 right proximal tibia, 1 right distal fibula) 82.2 — 
foot (bumt: 4 metatarsals, 1 right talus; unbumt: 1 metatarsal) 17.6 1.0 
total 178.9 11.8 

(ii) In contrast to the 48.5 grams o f bumt mandible in Trench A , cranial bone appears 
absent. This paucity may not be related to cremation as such, because Boedhisampumo 
(1982a) identified 26 cranial fragments but only two mandible fragments at Leang Pette 
Kere. A suitable parallel may be the instances o f isolated human mandibles excavated at 
Leang Karassa and Leang Ara, both o f which sites contained potsherds as wel l as 
microliths (Van Heekeren 1972: 110-111). Unfortunately, the latter two mandibles have 
not been inspected by a specialist, so i t would be unwise to comment on whether 
taphonomic processes (favouring the preservation o f robust, tubular elements such as 
mandible corpora) or human selectivity would be implicated. 

The Leang-Leang area also contains several mortuary assemblages which lack signs 
of cremation. U l u Leang 2 appears to have been a repository for the secondary disposal 
of previously defleshed human remains placed inside earthenware jars. Andrews and 
Glover (1986) suggest an antiquity in the early centuries A D , on the basis o f the pottery 
decorations, glass beads, copper bead and iron fragments. The 79 kg o f human remains, 
from at least 50 individuals, include 795 loose teeth. This is an important assemblage 
but, unfortunately, the only specialist study to m y knowledge is Boedhisampumo 
(1982b) on the teeth (see section 5). Nor have any published descriptions appeared on 
two related Leang-Leang assemblages. The Leang Paja rockshelter produced human 
bone and teeth associated wi th lavishly decorated pottery and a bifacially flaked stone 
axe. The interior o f the Leang Pette Kere rockshelter yielded human bone along w i t h 
decorated potsherds, a polished stone axe and glass beads. Both sites also contained 
older, Toalean habitation debris (Glover 1978: 72, 74; Anon. n.d.). 

Tooth burial is represented at Leang Codong where over 2700 human teeth were 
excavated from a heavily disturbed deposit, along wi th a few fragmentary jaws (Jacob 
1967a: 116). Although Jacob (1967a: 116) and Tumer (1990: 302) treated the 
assemblage as Toalean, based on the recovery o f microliths, Leang Codong also 
produced 15 beads o f glass and semi-precious stone, bronze leaf, and an iron spearhead. 
The latter finds indicate an Early Metal Phase mortuary assemblage (Bulbeck 1996-97: 
1026). The buried teeth had presumably been extracted from the defleshed jaws o f the 
deceased at some point in a complex mortuary procedure. 

In summary, the South Sulawesi peninsula appears to have witnessed a widespread 
custom, dating to approximately the first mi l lennium A D , o f depositing the remains o f 



238 D A V I D BULBECK 

the dead in rockshehers. In all cases the deceased had evidently been defleshed and/or 
cremated beforehand. These human remains can be treated as representative o f the 
population directly ancestral to the present-day Bugis and Makasar inhabitants, whose 
historical ancestry is thereafter documented in open-air burial grounds. In the cases of 
Leang Burung 1, Leang Paja, Leang Pette Kere and Leang Codong, the mortuary phase 
o f the rockshelter evidently postdated earlier Toalean habitation. U l u Leang 2, an 
inaccessible cave, stands out as the only known case o f a mortuary shelter without 
evidence o f earlier occupation. 

5. D E N T A L C O M P A R I S O N S 

The small sample o f Batu Ejaya teeth shows a proclivity towards a 'Sinodont' 
morphology (see section 2), as does the large sample o f Leang Codong teeth (n=2700). 
Tumer k indly sent me his 'Mean Measure o f Divergence' distances, based on 28 dental 
traits, comparing Leang Codong and the samples o f teeth in a published dendrogram 
(Tumer 1992: Fig. 1). Both o f the resulting dendrograms o f Tumor's distances (Bulbeck 
2000a) cluster Leang Codong w i t h Northeast Asian and prehistoric Taiwan teeth (along 
w i t h Thais and Filipinos in one analysis). Turner's other Island Southeast Asian samples, 
labelled Bomeo and Java-Malay, cluster w i th Micronesian and Polynesian samples. 
Leang Codong is the 'Sinodont' sample that most closely approaches other Island 
Southeast Asians, Micronesians and Polynesians, but, as noted by Tumer (1990: 315), 
Leang Codong resembles Northeast Asian teeth in many attributes. 

The description o f the teeth from U l u Leang 2 (Boedhisampumo 1982b) makes them 
appear as Sinodont-tending as the Leang Codong teeth (described by Jacob 1967a: 118-
125). Shovelled upper incisors and three-cusped upper second molars, both o f which are 
Sinodont features (Scott & Tumer 1997: 183, 196), occur more often at U l u Leang 2 
than at Leang Codong. Another Northeast Asian feature is the low occurrence of 
Carabelli 's cusp (/tubercle) on the upper molars, substantially lower at Ulu Leang 2 (for 
instance, M ' : 7.3%) than at Leang Codong (for instance, M ' : 18.7%). On the other hand, 
six-cusped lower first molars and five-cusped lower second molars occur more rarely at 
U l u Leang 2 than at Leang Codong, in which respects U l u Leang 2 resembles some 
Melanesian populations, such as those from New Guinea, rather than East Asians (cf 
Scott & Tumer 1997: 209, 216). These exceptions notwithstanding, a tendency towards 
Sinodonty emerges as a general characteristic o f late prehistoric and present-day 
indigenes o f the South Sulawesi peninsula lowlands. 

The few observations available on the late prehistoric teeth and mandibular sockets 
from Leang Bumng 1, Trench A , are typically Australasian. The third molars have 
developed at al l four observable sites. The four lower canines and five lower first 
premolars are all single-rooted, whi le the three lower first molars, three lower second 
molars, and lower third molar al l have two roots. These states meet the usual condition 
i n modem Homo sapiens ( c f Tumer 1992: 144; Scott & Tumer 1997: 228-232). The 
single upper first premolar has two roots, which is the variant found at approximately 
40% frequencies in Southeast Asia and the southwest Pacific, but at lower frequencies in 
Northeast Asia (10-30%) (Scott & Tumer 1997: 224-226). 



Table 8. Toalean dental morphology compared to nearby populations. 

Toalean expression Leang Leang- other Ainu; Jomon South Melanesia Australia 
Codong Leang Indonesia Asia 

M | Y-pattem 64.2% 33.8% 80.8%; 83.3% 93.4%; 88.9% 56.9-83.2% 58.1-92.7% 85.7% 
M 6 cusps 29.9% 18.8% 16.7%; 56.3% 25.8%; 59.2% 1.7-23.8% 0-32.5% 65.2% 
M hypocone 4/4- 87.0% 40.5% 83.7%; 88.4% 54.9%; 61.7% 27.1% 72.1-93.1% 59.0% 
l ' shovel absent 4.2% 0% 7-44.4% 27.1%; 39.5% 8.3-85.0% 21.7-73.7% 58.6% 
l ' tuberculum dentale absent/trace 63.6% — 75.0% 89.1%; 52.0% 78.6% 80.4% 35.7% 
l ' interruption grooves absent — — 58.3% 96.0%; 84.0% 50.9-83.4% 100% — 
present M , — 100% 87.1%; 90.0% 71.1%; 80.5% — 75.0-97.0% 95.0% 
>50% : <50% agreement ratio 3:2 1:4 5:1 5:2; 6:1 3:2 5:1 5:1 

Note: Lower third molar congenital presence from Bulbeck (1981: 71) and this paper (Leang-Leang Early Metal Phase). Crown trait data are 
from the following sources. Leang Codong: Jacob (1967a: 119-120). Leang-Leang Early Metal Phase (Ulu Leang 2): Boedhisampurno 
(1982b). Other Indonesia: Leang Buidane, North Sulawesi province, c. 1000 years old (Bulbeck 1981: 79, 94); Gilimanuk, Bali, c. 2000 
years old (Jacob 1967b); Nicobar Islanders on incisor shovelling (Ganguly 1960). Ainu and Jomon: Tumer & Hanihara (1977); Tumer 
(1979); Hanihara (1992) for incisor shovelling. South Asia: Kaul & Prakash (1981) for tuberculum dentale and M^ hypocone; Hawkey 
(2002: Appendix B - sample sizes > 20) for intermption grooves and six-cusped first molars; Lukacs (1984: 141) for remaining traits. 
Melanesia: Littlewood (1972: 126-137); Tumer & Swindler (1978). Australia (Broadbeach, Queensland): Smith et al. (1981). 
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Some observations are available on the Toalean teeth from Leang Burung 1, Trench B. 
The right maxil lary fragment exhibited three root sockets for the first and third upper 
molars, and a ful l hypocone on the second upper molar (4-). The upper incisor lacked any 
shovelling or intermption grooves, and had a miniscule tuberculum dentale (ASU 1). On 
the Bola Batu mandible, Hooijer (1950: 61-63) noted that both third molars had empted, 
and described a Y 6 morphology on a loose, lower first molar from the same site. 

The Toalean teeth appear less Sinodont than the Batu Ejaya, Leang Codong, and 
Early Metal Phase Leang-Leang teeth (Leang Bumng 1, U l u Leang 2). Examples o f this 
pattem include the unshovelled l ' , the well-developed hypocone on the M ' , and the Y-
pattem on the M , , although the six cusps on the M , stand as a counter-example. I f we use 
the simple consideration o f whether the observed Toalean condition occurs at a rate 
greater or less than 50% in a comparative sample, we find a ratio o f three agreements to 
two disagreements in the Toalean-Leang Codong comparison, and that the Toalean 
expression rarely matches the usual Leang-Leang Early Metal Phase condition (Table 8). 
The same simple criterion may be used to compare the Toalean observations wi th non-
Sinodont samples in Indonesia, Japan, South Asia and the southwest Pacific. These 
comparisons would suggest a closest match between Toaleans and the prehistoric Jomon 
o f Japan, as the Toalean observation accords wi th the majority Jomon expression in five 
o f six cases, and the single exception ( l ' shovelling) hardly points to a major contrast. 
'Other Indonesia' (outside o f South Sulawesi), Australian Aborigines and Melanesians 
also have impressive rates o f agreement w i th the recorded Toalean morphology (Table 
8). As the sample size o f three observed Toalean teeth is pi t i ful ly small, all that can be 
realistically suggested is that the Toalean dental traits would have a low probability of 
being found among late prehistoric, lowland South Sulawesi (and other Sinodont) 
populations. 

Some dental morphological observations are also available on Late Pleistocene to 
early Holocene specimens from the islands north o f Sulawesi (see Fig. 2). These 
specimens are the Leang Buidane Preceramic cranium from the Talaud Islands south of 
Mindanao (Bulbeck 1981: 172), the Tabon mandible from Palawan (Barker 1978), and 
the Minatagowa jaws from Okinawa, south o f Japan's main islands (Hanihara & Ueda 
1982). The Minatagowa and Leang Buidane Preceramic specimens show a virtually 
perfect match w i t h the morphology recorded on the majority o f studied human teeth 
from locations in Indonesia (outside o f South Sulawesi) and Melanesia (Table 9). 
Otherwise the 'agreement ratio ' drops to between 50%) and 7 1 % , including the 
comparison w i t h the Jomon, even though we are now dealing wi th specimens located 
closer to Japan. The Tabon mandible offers an obliquely similar perspective. The 
anagenesis o f its third molars (contrasting in this respect wi th the Bola Batu mandible) 
and the three roots on its first molar occur match the minori ty condition in every modem 
sampled H. sapiens population. Nonetheless, relatively speaking these traits are more 
common among Indonesians (outside o f South Sulawesi), some A i n u samples (Table 9), 
and especially mainstream Northeast Asians (i.e. excluding the A i n u and Jomon) (Tumer 
1990: 311; Scott & Tumer 1997: 232). 

On the basis o f dental morphology, we may entertain the hypothesis that the 
preceramic occupants o f the island arc from South Sulawesi to Okinawa, and possibly 
including ancient Japan, constituted a coherent population. Further, the preceramic 
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Table 9. Comparative frequencies of Minatagowa (MN), Leang Buidane Preceramic (LBP) and Tabon dental traits in regional context. 

Minatagowa, LBP, Tabon expression Leang 
Codong 

Ulu 
Leang 2 

other Indonesia Ainu; Jomon South Asia Melanesia Australia 

M , Y-pattem (MN) 64.2% 33.8% 80,8%; 83.3% 93.4%; 88.9% 56,9-83,2% 58,1-92,7%, 85,7% 

M , 5 cusps (MN) 65.7% 76.2% 43.8%; 62.5% 71%,; 40,7% 76,4-88,6% 65,8-87,4% 34,8% 

M ' hypocone 4 (LBP) 93.2% 58,5% 86%; 100% 65,8; 63,8% 82,1-100% 66.7-100% 35% 

M ' hypocone 4/4- (LBP) 87,0% 40.5% 83.7%; 88.4% 54,9%; 61.7% 27,1% 72,1-93,1% 58,6% 

M ' Carabelli's absent (LBP) 78.4% 75,6% 58.7%; 86.8% 68.8%; 71.7% 34,2-62,3% 21.1-54.3% 66,7% 

C distal accessory ridge absent/trace (LBP) — — 66.7% 45.5%; 30,8% 32,5% 56,2% — 

C tuberculum dentale present (LBP) 43.1% — 66.7% 43,5%; 54,5% 41,8% 53.5% 64% 

C shovel absent (LBP) 24.3% — 88.9% 21.8%; 31,6% — 58,1% 96,2% 

>50% : <50% agreement ratio 5:2 3:2 7:0 5:3:5:3 3:3 7:0 5:2 

3-rooted M , (Tabon) 6% — 14.3-25.9% 0-11%; 0-5% 0-8,0% 0-6,9% 4,9-5,2% 

absent M , (Tabon) — — 10.0%; 12.9% 28,9%; 19,5% — 3,0-25% 5% 

Note: Three-rooted lower first molars (Bulbeck 1981: 71; Tumer 1990: 313; Scott & Tumer 1997: 323; Hawkey 2002: Appendix B - sample 
sizes > 20), South Asian first molar data from Lukacs (1984: 141), Other sources as in Table 8, 
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denizens o f South Sulawesi and Okinawa could conceivably lie near the ancestral roots 
o f most late prehistoric and recent Indonesians, and (wi th slightly less confidence) 
Melanesians. However, in that case, late prehistoric and recent South Sulawesi 
lowlanders (as represented at Leang Codong, Leang-Leang and Batu Ejaya) would then 
owe part o f their ancestry to early Holocene populations from west o f Okinawa. A 
potential source suggested by historical linguistics would be South China (Bellwood 
1997: 112). 

Table 10 compares prehistoric tooth size in South Sulawesi w i th mixed-sex Javanese 
who, as noted in section 2, may substitute for recent Bugis and Makasars. The Leang 
Codong means usually exceed the Javanese means, wi th a statistically significant 
difference on 14 o f the 32 comparisons. This cannot be attributed to a larger proportion o f 
males in the Leang Codong sample, as the Javanese sample includes substantially more 
males than females. Indeed, the size difference between Leang Codong and Javanese is 
lacking on the canines, which are the most sexually dimorphic teeth among modem 
people (Wolpo f f 1976), suggesting a higher proportion o f males in the Javanese sample. 
Analysis w i t h the Penrose size statistic formally demonstrates the larger size o f the 
Leang Codong teeth. Leang Codong groups wi th other late prehistoric Indonesian teeth 
from Gil imanuk (Bal i ) and Leang Buidane, along wi th the Nasioi from the Solomon 
Islands. Javanese and other recent Southeast Asians lie wi th recent Northeast Asians in a 
smaller toothed group (Bulbeck 1981: Fig. 4-8 [i.e. Fig. 8 to Chapter 4] ) . On the other 
hand, the Early Metal Phase tooth measurements from Leang-Leang almost always have 
mean values smaller than those at Leang Codong, and are essentially indistinguishable 
from their Javanese counterparts (see Table 10). They suggest some level o f micro-
differentiation in late prehistoric South Sulawesi or, to the degree that a difference in 
ancestral m ix might be considered, a greater Toalean input would be implied. 

Hooijer (1950: 66-67) noted how small the Toalean teeth from Bola Batu are 
compared to male Bugis and Makasar teeth. Table 10 shows that the Bola Batu tooth 
diameters fall below the Leang Codong average on 16 o f the 19 comparisons, and lie 
more than two standard deviations below the Leang Codong mean in three instances. 
They also fall below the corresponding Leang-Leang value on seven o f the 11 
comparisons. The teeth from Leang Bumng 1 Trench B, confirm the pattem. Each 
measurement is about equal to, or less than, the corresponding Leang Codong mean. 

Proposing a female status for the Toalean specimens would only partly explain these 
observations. Javanese females (Table 1) have average tooth dimensions larger than 
those recorded for Toaleans on 12 o f the 19 comparisons. Hence our admittedly 
miniscule sample suggests that Toalean teeth were small by recent Indonesian standards, 
even i f all Toalean teeth measured to date were female. As discussed in sections 6 and 7, 
the Toalean specimens are more probably male than female. The Toalean teeth are even 
smaller on average than male A i n u teeth as shown in Table 11. This is a highly 
significant f inding because the A i n u are regarded to have the smallest teeth in the East 
Asian and Pacific region (Brace & Masafumi 1982; Table 11). In general, the Toaleans 
would appear to relate to microdont populations such as the Jomon and Ainu , Philippine 
Negritos, and the West Nakanai o f New Britain (a conspicuously small-toothed 
Melanesian population) (see Table 11; see also Bulbeck 1981: 106). 
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Table 10. Prehistoric South Sulawesi tooth dimensions compared to Javanese (in mm). 

tooth dimension Toaleans Leang Codong Leang-Leang Javanese 
l ' mesio-distal 8.4 ( L B l ) 8.8 ± 0.444** — 8.51 ±0 .69 
l ' bucco-lingual 6.8 (LB 1) 7.5 ± 0.476** — 7.30 ±0 .54 
1" mesio-distal — 7.2 ± 0.702** — 6.93 ± 0.67 
r bucco-lingual — 6.7 ± 0.600 — 6.60 ±0 .50 
C mesio-distal — 8.0 ± 0.545 — 7.93 ±0 .5 7 
C bucco-lingual — 8.3 ±0.581 — 8.33 ±0 .56 
P' mesio-distal — 7.5 ± 0.597 7.2, 7.2 7.45 ± 0.52 
P' bucco-lingual 8.6' 9.8 ±0.517 8.9, 10.0 9.71 ±0 .60 
P' mesio-distal 6.5 7.3 ±0 .533** 6.3 6.98 ±0 .52 
P' bucco-lingual 7.8 9.6 ± 0.584 9.4 9.58 ±0 .60 
M ' mesio-distal 9.9 10.7 ±0 .486 10.5 ± 1.14 10.73 ± 0.64 
M ' bucco-lingual 10.4", 10.8 11.8 ±0 .550* 11.8 ±0 .899 11.66 ±0 .57 

mesio-distal 10.0; 9.5 ( L B l ) 10.1 ±0 .725* 9.5 ± 1.317 9.94 ± 0.69 
bucco-lingual 10.6; 11.6 ( L B l ) 11.5 ±0 .63 11.7± 1.618 11.51 ±0 .71 
mesio-distal — 9.3 ± 0.702 9.2 ± 0.930 9.18 ±0 .92 
bucco-lingual — 11.5 ±0.634** 11.4 ± 1.262 11.08 ±0 .96 

I , mesio-distal — 5.7 ±0.370** — 5.48 ± 0.48 
Ii bucco-lingual — 6.0 ±0.410** — 5.80 ±0 .56 
I , mesio-distal 6.8 6.1 ±0 .440 — 6.18 ±0 .48 
I , bucco-lingual 5.8; 6.4 6.2 ± 0.370 — 6.20 ± 0.49 
C mesio-distal — 7.1 ±0 .424 — 7.25 ±0 .52* 
C bucco-lingual 7.0 7.7 ± 0.492 — 7.74 ± 0.49 
P, mesio-distal 7.0 7.5 ± 0.490** — 7.25 ± 0.49 
Pi bucco-lingual 7.4 8.0 ±0 .539 — 8.08 ±0 .57 
Pj mesio-distal — 7.5 ± 0.450** — 7.25 ±0 .56 
P, bucco-lingual 7.7 8.4 ± 0.470 — 8.43 ±0 .55 
M | mesio-distal 12.3 12.0 ±0 .465** 11.7 ±0.756** 11.43 ±0 .64 
M | bucco-lingual 11.2 10.9 ±0 .409 10.5 ± 0 . 7 4 2 ^ 10.93 ±0 .64 
Mj mesio-distal — 11.2 ±0.550** 10.6 ± 1.349" 10.79 ±0 .65 
Mj bucco-lingual 9.5 10.4 ±0 .474 10.1 ± 1.181 10.43 ± 0.67 
Mj mesio-distal — 11.3 ±0.760** 10.6 ±2 .542 10.86 ±0 .73 
Mj bucco-lingual 8.4* 10.4 ±0 .576 9 . 6 ± 2 . 3 I 5 10.35 ±0 .71 

Note: Toalean measurements identified as ( L B l ) are from Leang Burung 1, Trench B; other 
measurements are from Bola Batu, mesio-distal (Jacob 1967a: 126-127) and bucco-lingual 
(Hooijer 1950: 64). # indicates more than two standard deviations less than the Leang 
Codong mean. Leang-Leang premolar measurements come from Leang Burung 1, Trench A 
(this study), while Leang-Leang molar measurements come from Ulu Leang 2 
(Boedhisampumo 1982b: 26). Leang Codong measurements from Jacob (1967a: 118). 
Measurements for the predominantly male sample of Javanese are calculated from Snell 
(1938: 116). Asterisked measurements refer to t-tests involving Javanese: * indicates the 
larger average at p < 0.05, and ** indicates the larger average at p < 0.005. ± indicates 
smaller than Leang Codong at p < 0.05. ±± indicates smaller than both Leang Codong and 
Javanese at p < 0.005. No other differences in tooth size are statistically significant. 
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Table 11 also considers the Wajak and Sampung teeth from Java, probably dated to 
the early Holocene (Storm 1995: 33), the teeth o f the unsexed Leang Buidane 
Preceramic cranium, and the teeth o f the terminal Pleistocene male, Minatagowa 1. 
Wajak and Sampung display megadont teeth as large as or larger than those o f male New 
Guinea Highlanders. Similarly large teeth are apparent on middle Holocene remains 
from West Malaysia (Bulbeck 1981: 123-125). Minatagowa 1 has Javanese-size teeth, 
larger on average than those o f the prehistoric Holocene Jomon and the modem Ainu. 
When the pre-agricultural teeth from Sulawesi to Japan are considered, we find a range 
from Leang Buidane Preceramic (slightly smaller than Sampung) to the microdont 
Toalean teeth. The relevant comparison, in terms o f approximate tooth size, would 
appear to be modem Java rather than early Holocene Java. 

The available data would not mle out a general tendency for human teeth to have 
become smaller during the Holocene. Such an inference is supported by the 
Minatagowa-Jomon-Ainu sequence and the data from Java. Discussion on the reasons 
why tooth size might have generally decreased during the Holocene (Brace 1978; 
Bulbeck 1981: 400-405; Storm 1995: 123-125) lies beyond the scope o f this paper. 
However, the explanation favoured by Brace and Masafiimi (1982) for the small teeth o f 
the Jomon, specifically their long acquaintance wi th pottery as utensils to convert food 
to an easily masticated consistency, would not apply to South Sulawesi, where pottery 
probably arrived only 3500-4000 years ago (Bulbeck et al. 2000: 87). I n any case, when 
there is a reversal in the general trend, as seems to have been the case in South Sulawesi, 
some immigrat ion o f a larger-toothed population might be proposed. Brace and 
Masafumi (1982) drew this conclusion to explain the larger teeth o f the Japanese and 
their late prehistoric ancestors, the Yayoi , compared to the Jomon and Ainu . The larger 
size and 'Sinodont' morphology o f the Leang Codong teeth, compared to their Toalean 
counterparts, suggest a similar scenario in South Sulawesi. 

One interpretation o f the measured Toalean teeth would ascribe their small size to 
sampling error, in which case no inferences on Toalean population characteristics could 
be drawn. The second feasible interpretation would infer that the Toaleans, unlike other 
recorded pre-Neolithic Southeast Asians, had small teeth. This interpretation invites 
direct comparison wi th the Jomon o f Japan, small-toothed hunter-gatherers who also 
produced microliths. The data clearly refute any suggestion o f a direct l ink between the 
Toaleans and late prehistoric Australia, despite similarities in their bone tools and 
microliths, because Aboriginal Australians — especially in those areas where these tools 
were manufactured — show among the largest teeth in the wor ld (Brace 1980; Bulbeck 
1981: 109-110). However, the evidence would not mle out an affinity wi th microlith 
producers in South India, whose summed tooth area would be only around 5% greater 
than the Jomon value (Lukacs 1985: 817). 

6. C R A N I A L C O M P A R I S O N S 

The naso-frontal fragment from Leang Bumng 1, Trench B, displayed large, single-
chambered frontal sinuses beneath two rounded superciliary ridges o f 'medium' 
prominence (according to the grades established by Lamach & Macintosh 1966: 13). 



ISLAND POPULATIONS ALONG ASIA 'S PACIFIC R I M 245 

Table 11. Selected male and unsexed average tooth diameters (in mm). 

tooth diameter Wjk Sam NGH LBP Jav M N Jom WNa PhN Ain Toa 

l ' mesio-distal — 9.0 9.5 — 8.6 — 8.5 8.6 8.4 8.1 8.4 
l ' bucco-lingual — 8.1 8.25 — 7.4 — 7.3 — — 6.9 6.8 
l ' mesio-distal — 8.0 7.8 — 7.0 6.6 7.1 6.8 6.8 6.9 — 
I bucco-lingual — 7.3 7.3 — 6.7 7.05 6.7 — — 6.25 — 
C mesio-distal 9.9 8.0 8.4 8.2 8.0 7.1 7.55 8.0 7.5 7.6 — 
C bucco-lingual 10.0 9.5 9.2 8.9 8.5 8.5 8.0 7.9 — 7.8 — 
P' mesio-distal 8.8 — 7.7 8.0 7.5 — 6.9 7.1 7.1 6.9 — 

P' bucco-lingual 11.1 — 10.6 10.0 9.8 — 9.3 9.1 — 9.0 8.6 
P" mesio-distal 8.0 7.0 7.1 7.4 7.0 6.5 6.5 6.1 6.8 6.45 6.5 
P" bucco-lingual 10.7 10.1 10.6 9.9 9.7 9.8 9.0 9.1 — 8.8 7.8 
M ' mesio-distal 11.7 11.5 11.4 11.95 10.8 8.8 10.3 11.1 10.05 10.3 9.9 
M ' bucco-lingual 13.5 12.8 12.65 12.3 11.8 12.8 11.8 11.5 — 11.6 10.6 
M ' mesio-distal 10.8 11.2 10.7 11.3 10.0 10.0 9.1 9.7 9.5 9.1 9.75 
M " bucco-lingual 13.8 12.8 12.6 12.5 11.7 13.4 11.5 11.4 — 11.3 11.1 
M"' mesio-distal 10.0 10.0 9.5 — 9.2 9.4 8.3 9.1 — 8.6 — 

M ' bucco-lingual 13.0 12.4 11.7 — 11.2 11.3 10.9 11.1 — 10.7 — 

li mesio-distal 6.3 5.3 5.9 — 5.5 — 5.3 5.4 5.4 5.0 — 

1, bucco-lingual 7.2 6.6 7.0 — 5.9 — 5.9 — — 5.6 — 
1, mesio-distal 6.8 6.1 6.5 — 6.2 — 5.7 6.0 6.0 5.7 6.8 
Ij bucco-lingual 7.6 6.6 7.1 — 6.3 — 6.2 — — 5.9 6.1 
C mesio-distal 8.4 7.4 7.5 — 7.2 6.8 6.7 7.0 6.7 6.7 — 

C bucco-lingual 9.5 8.5 8.3 — 7.9 8.0 7.4 7.3 — 7.4 7.0 
P, mesio-distal 8.5 8.0 7.8 — 7.3 5.85 6.9 7.0 6.8 6.85 7.0 
P, bucco-lingual 9.0 9.0 8.8 — 8.2 8.45 7.8 7.5 — 7.6 7.4 
Pj mesio-distal 8.3 8.1 7.65 — 7.3 6.6 6.9 7.0 7.1 6.8 — 

Pj bucco-lingual 8.5 9.2 9.1 — 8.5 8.6 8.3 7.8 — 8.05 7.7 
M | mesio-distal 13.6 12.3 12.2 — 11.5 11.6 11.6 11.5 11.1 11.5 12.3 
M| bucco-lingual 12.3 11.5 11.45 — 11.0 12.2 11.2 10.5 — 11.0 11.2 

mesio-distal 11.8 11.9 11.55 — 10.9 10.9 10.8 10.5 10.1 10.7 — 

M, bucco-lingual 11.3 11.4 11.3 — 10.5 11.8 10.5 10.0 — 10.3 9.5 
M, mesio-distal 12.5 11.8 11.3 — 10.9 11.2 10.5 11.0 — 10.3 — 

M, bucco-lingual 11.2 10.6 10.9 — 10.4 10.9 10.0 10.3 — 9.8 8.4 
average % Jav 114 107 107 105.8 100 99.7 96.6 96.4 95.1 94.4 93.6 

Note: Wajak (Wjk) and Sampung (Sam) from Jacob (1967a: 49). New Guinea Highland males 
(NGH) from Doran and Freedman (1974). Leang Buidane Preceramic (LBP) from Bulbeck 
(1981: 171-172). Javanese males (Jav) Table 1. Toaleans (Toa) from Table 10. Minatagowa 
1 (MN) from Hanihara and Ueda (1982). Jomon (Jom) and Hokkaido Ainu (Ain) males 
from Matsumura (1989). New Britain West Nakanai males (WNa) from Tumer and 
Swindler (1978). Philippine Negrito males (PhN) from Hanihara (1990). The specimens and 
samples are arranged from megadont (left) to microdont (right) based on the average ratio 
of their diameters compared to Javanese (Average % Jav). The small size of the Ainu teeth 
is also apparent with respect to Filipinos (Yap Potter et al. 1981) and the other East Asian 
odontometric data compiled by Bulbeck (1981: 108). 
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This feature suggests a male status because, even among Australian Aborigines and 
Solomon Islanders, up to 90% o f female crania have 'small ' superciliary ridges 
(Lamach & Macintosh 1966: 14, 1970: 11; Bulbeck 1981: 309). Development o f the 
glabella lies between Mart in 's (Mart in & Sailer 1957: 1327) grades I I and I I I . Such 
'sl ight ' glabella development would be unusual among male Australian Aborigines and 
New Caledonians, but is found on around 50% o f recent male Solomon Islanders and 
Indonesians (Bulbeck 1981: 304). A 'wide ' fronto-nasal articulation (14 mm on the 
Leang Bumng 1 fragment) occurs on approximately 20% to 50% o f male crania in 
Australia, Melanesia and Indonesia (without any signs o f differences between these 
populations), but a slightly smaller proportion o f female crania, about 10-40% (Bulbeck 
1981: 307, 310). Overall , the Toalean fragment from Leang Bumng 1 matches up best 
w i th male crania from the Solomon Islands and Indonesia. 

Hooijer (1950: 59-60) reported faint ophryonic grooves, which are clearly a 
masculine feature ( c f Lamach & Macintosh 1966: 15-16), on the Toalean frontal from 
Bola Batu. Addit ional ly, the specimen's 's l ight ' glabella (Martin 's Grade I I I ) and very 
weak superciliary ridges are features that can be readily found on recent female crania 
from Indonesia to Australia, and on male crania from Indonesia and such parts of 
Melanesia as the Solomon Islands (Bulbeck 1981: 304, 309). 

Glabella projection (Howells 1989: 6) can be measured on the Toalean fragment 
from Leang Bumng 1 (Table 12). I t lies more than two standard deviations below 
the male Australian Aboriginal means, and more than one standard deviation below the 
male Melanesian means, but otherwise falls wi th in a standard deviation o f the means of 
all the comparative samples. Lack o f a supraglabellar fossa on the Bola Batu frontal 
(Hooijer 1950: 59-60) would suggest a similarly modest glabella projection. Hooijer 
(1950: 60), however, notes that the min imum frontal breadth o f 98 m m on the Bola Batu 
frontal is large. This measurement exceeds the means o f the comparative female 

Table 12. Toalean cranial measurements compared to nearby populations (in mm). 
group Glabella projection minimum frontal breadth 
Toalean 3.3 98 
Jomon (M) — 98.5 ±4 .2 
Ainu (M) 4.2 ± 1.0 — 
Ainu (F) 2.7 ± 0.7 — 

Australian Aboriginal (M) 5.4 ± 1.0, 5 .6± 1.1 96.1 ± 4 . 5 -100.6 ±4 .6 
Australian Aboriginal (F) 4.0 ± 1.0, 4.3 ± 1.3 9 1 . 0 ± 3 . 5 - 94.4 ± 2.9 
Melanesian (M) 4.3 ± 0.8, 4.75 ± 1.4 9 1 . 2 ± 3 . 8 - 97.0 ±3 .7 
Melanesian (F) 2.9 ± 1.0,3.1 ± 0 . 9 89.4 ± 4 . 8 - 90.4 ± 3.0 
Southeast Asian (M) 2.9 ± 1.0, 3.5 ± 1.0 91.5 ± 4 . 3 (Bugis) - 96.2 ± 4.7 
Southeast Asian (F) — 89.6 ± 4 . 0 - 91 .3±5 .8 
South Asian (M) 2.8 ± 1.0, 3.0 ± 1.0 90.7 (range 80-102), 95.2 ±4 .3 

Note: Glabella projection data from Howells (1989: 131, 148), except Solomon Islanders 
(Melanesians; Bulbeck 1981: 184), Burmese (Southeast Asians) and South Asians 
(Wamsawithana-Kulatilake 1996). Minimum frontal breadth: Australian Aborigines 
(Pietmsewsky 1984); Melanesians (Von Bonin 1936; Hambly 1940, 1946; Pietmsewsky 
1984); Jomon (Hanihara 1993); Southeast Asians (Von Bonin 1931b: Tabelle XV; Yen 
1959; Pietmsewsky 1984); South Asians (Harrower 1926; Hooijer 1950: 60). 
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populations by more than one standard deviation in all cases, and often by more than 
two standard deviations. Only male Australian Aborigines and Jomon are on average 
equally broad on this measurement, even i f the Bola Batu value falls wi th in a standard 
deviation o f the mean o f several other male samples (Table 12). Most importantly, the 
Bola Batu min imum frontal breadth barely fits wi th in the male Veddah range (80-
102 mm), so a Veddah affinity is unlikely (Hooijer 1950: 60). I t may also be added that a 
Bugis affinity would be equally unlikely, as the Bola Batu measurement falls almost two 
standard deviations above the recorded Bugis mean (see also Hooijer 1950: 61). 

The main conclusion to be drawn here is that both Toalean frontal specimens exhibit 
measurements and morphological features that are difficult to reconcile wi th a female 
status. Their probable male status emphasises the specimens' small teeth as a distinctive 
Toalean feature. Even i f the Toalean specimens were female, the combination o f small 
teeth, broad anterior frontal, and moderate glabella projection would suggest a closest 
match with the prehistoric Jomon and their modem descendants, the A i n u . Interestingly, 
an Ainu affinity also emerges for the Tabon frontal bone from Palawan, which is either 
terminal Pleistocene or early Holocene. From his multivariate analysis, Howells (1973: 
179) concluded that the specimen resembles the A i n u , w i th a Tasmanian affil iation being 
the only other feasible altemative. 

Comparisons addressing the entire cranium may be drawn for the less fragmented 
specimens from other preceramic sites. The method employed is Ousley and Jantz's 
(1996) Fordisc 2.0 program which compares the target specimen wi th the worldwide 
craniometric data collected by Howells (1989). The Leang Buidane Preceramic adolescent 
(or young adult) is analysed here on its 18 measurements w i t h an error o f zero to 1 m m 
(Bulbeck 1981: 178-179). As it is unsexed, both male and female analyses are appropriate. 
The Minatagowa 1 male, and the female Minatagowa 2 and 4 specimens, can be analysed 
on 18, six and five secure measurements respectively (Suzuki 1982: 40-41). Java may be 
represented by Sampung F (Van Heekeren 1972: 96 - six measurements) and the new 
reconstmction o f Wajak 1 (Storm 1995: 150 - 14 measurements, excluding estimations). 
The Fordisc 2.0 program provides typicality probabilities, which represent how typical the 
specimen's measurements are o f any o f Howel ls ' (1989) measured populations. However, 
except for Minatagowa 2, these are always very low, 0.06 or less, reflecting the thousands 
of years o f evolution that have occurred between the age o f the studied specimens and the 
recent populations recorded by Howells (1989). Accordingly, our fo l lowing discussion 
will refer only to posterior probabilities, which represent the relative probabilities o f the 
specimen's membership wi th in each o f Howel ls ' populations (assuming it d id belong to 
one o f these populations, i.e. the sum o f the posterior probabilities is unity) . 

Tasmanians, A i n u and, perhaps surprisingly, the San o f South Africa, are the only 
populations which show more than a sporadic affinity w i t h the preceramic crania 
considered here (see Table 13). These three populations would not, however, cover the 
similarities o f the Leang Buidane Preceramic cranium which, instead, most resembles 
the South African Zulu or, i f it is female, Easter Islanders. M y previous study (which d id 
not consider the possibility o f an African connection) on the published measurements o f 
the terminal Pleistocene Niah skull from Bomeo also revealed a Tasmanian/Ainu 
similarity (Bulbeck 1981:249), reminiscent o f the Ainu/Tasmanian affinity indicated 
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Table 13. Posterior probabilities comparing preceramic crania to Howells' (1989) populations. 
population M N l MN2 MN4 LBP ( i f M ) LBP (ifF) Wajak Sampung 
Tasmanians 0.818 0.012 0.115 0.000 0.001 0.232 0.449 
Ainu 0.182 0.017 0.004 0.000 0.000 0.657 0.004 
San Bushmen 0.000 0.123 0.282 0.000 0.000 0.000 0.114 
Zulu 0.000 0.004 0.002 0.781 0.333 0.000 0.007 
Easter Island 0.000 0.000 0.000 0.001 0.442 0.000 0.000 
Norse 0.000 0.019 0.323 0.000 0.001 0.042 0.000 
New Britain 0.000 0.002 0.005 0.001 0.013 0.000 0.313 
Teita (Africa) 0.000 0.001 0.001 0.203 0.061 0.000 0.004 

Note: Only populations for which at least one of the preceramic crania has a 0.2 posterior 
probability of belonging to that population are listed here. MN=Minatagowa; LBP = Leang 
Buidane Preceramic. 

by Howells (1973: 179) for the Tabon frontal. Further, Fordisc 2.0 analysis o f the middle 
Holocene cranium from Gua Peraling, West Malaysia, revealed the fol lowing affinities in 
descending order o f l ikelihood: Easter Islander, Tasmanian, San, A i n u (Bulbeck 2000b). 

The absence o f Howells ' (1989) Chinese and Japanese populations from Table 13 
suggests that late Holocene population expansion from the vicinity o f China has 
contributed to ceramic-age populations in Island Southeast Asia, as argued by Bellwood 
(1985: 98, 1997: 84-95). However, Bellwood's (1997: 85) characterisation o f Island 
Southeast Asia's preceramic inhabitants as 'Australo-Melanesian' would seem wide of 
the mark. Tasmanians are the only southwest Pacific population that repeatedly figures 
in the present analysis, and the Minatagowa specimens on the margin o f Japan are 
equally as Tasmanian-like as are crania from the islands to the south. Other than 
Tasmanians, the groups implicated in the comparisons considered here are the San, Ainu 
and Easter Islanders, i.e. remote populations in South Africa, Japan and the Pacific. Even 
Europe, as represented by the Norse, appears o f greater relevance than recent Melanesia 
(represented by the Tolai o f New Britain). The geographically dispersed nature o f the 
similarities suggests that we are dealing w i t h a cranial shape that may have characterised 
terminal Pleistocene modem H. sapiens in general, rather than southwest Pacific 
populations in particular (see also Howells 1995: 101-104). 

For present purposes, the important conclusion is that the smaller teeth o f early 
populations between Sulawesi and Okinawa (and the Jomon o f Japan), compared to their 
counterparts in Java and West Malaysia, would not appear to correspond to any 
detectable craniometric divergence. 

7. M A N D I B U L A R C O M P A R I S O N S 

Hooijer (1950: 63) measured the corpus height [ M 6 9 ( l ) ] and thickness [M69(3)] at the 
mental foramen on the Bola Batu mandible. The author obtained the same measurements 
on two late prehistoric specimens from Leang Bumng 1, Trench A , along with corpus 
height at the symphysis ( h i ) , the first premolar ( p l h ) and the second molar (m2h), 
plus the breadth across the mental foramina (zz). Table 14 compares the South 
Sulawesi measurements w i th those from male and female samples in Indonesia, the 
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Table 14. South Sulawesi mandibular measurements and comparisons (in mm). 

specimen/series h i 1VI69(1) M69(3) M69(3) / 
(1)Index 

p l h m2h zz 

Bola Batu — 31 11 35.5 — — — 
L. Burung 1 Trench A 32 30.5,31.5 11.5, 14 37.7,44.4 29.5 32 28, 29 48 
Makasar/ Bugis (M) — (25-33) (11-33) (37.5-57.7) — — — 
Java(M) 3 1 . 9 ± 3 . 0 31.6 ± 2 . 2 12.2 ± 1.2 (31.8-48.9) — — — 
Java(F) 29.2 ± 2 . 8 27.8 ± 2 . 6 10.9 ± 1.2 (29.7-50.6) — — — 
Talaud (M) 30.4 ± 1.9 30.2 ± 2 . 6 11.9 ± 2 . 2 40.3 ± 8.9 31.2 ± 2 . 3 25.6 ± 1.7 49.7 ± 4 . 9 
Jomon (M) 31.8 ± 2 . 3 — — — 31.9 ± 2 . 3 28.1 ± 2 . 0 — 
New Britain (M) 32.2 ± 2 . 3 31.3 ± 2 . 7 13.6 ± 1.5 43.8 ± 6 . 1 29.8 ±2 .1 28.1 ± 1.9 48.7 ± 2 . 4 
New Guinea (M) 29.9 ± 2 . 4 27.7 ± 1.8 11.4 ± 0 . 8 38.8 ± 5 . 8 , 28.8 ± 2 . 4 25.4 ± 2 . 2 46.3 ± 2 . 7 

3 1 . 7 ± 2 . 7 29.7 ± 3 . 1 11.4± 1.5 41.4 ± 4 . 0 
New Guinea (F) 27.7 ± 1.8 25.4 ± 1.8 12.3 ± 1.1 49.4 ± 5 . 8 — — — 
Australia (M) 32.5 ± 1.6 28.2 ± 1.2 12.6 ± 0 . 9 42.5 ± 3 . 5 — 26.3 ± 1.6 47.4 ± 1.7 

33.3 ± 2 . 0 
Australia (F) 28.3 ± 1.2 24.1 ± 1.2 11.3 ± 0 . 8 41.9 ± 4 . 4 — — 

Note: Bola Batu and Makasar/Bugis (ranges only) from Hooijer (1950: 62). Javanese from Snell 
(1938: 116). Talaud Islands, including Leang Buidane, from Bulbeck (1981: 383-384). 
Jomon from Kaifu (1997). New Britain from Bulbeck (1981: 385). New Guinea from Keiter 
(1931: Tabelle I-I l) and Bulbeck (1981: 385). Australian Aborigines from Keiter (1931: 
Tabelle I-II) and Cleaver (1937: 101). 

southwest Pacific and prehistoric Japan. It is immediately obvious that the South 
Sulawesi mandibles have typically masculine corpus heights. In particular, their height at 
the mental foramen lies at least one and often more than two standard deviations above 
the comparative female means. The l ikelihood that the Bola Batu skull is male is 
accordingly increased. The zz measurement from Leang Burung 1, Trench A , is also 
typically masculine. 

It was shown by Hooijer (1950: 62-63) that the height o f the Bola Batu corpus wou ld 
clearly distinguish it from Veddah mandibular corpora, which range between 21 and 28 
mm on this measurement. In this context, note that all three South Sulawesi mandibles 
appear quite distinct from Australian Aborigines, as we l l as Veddahs, on their height at 
the mental foramen. Hooijer (1950: 62-63) drew attention to the low robustness index o f 
the Bola Batu mandible at the mental foramen, but argued that this feature was o f 
little significance as regards macro-population discrimination. Both o f Hooijer 's (1950: 
62-63) points are supported by the data gathered here (Table 14). 

The present writer observed the anatomical traits o f the mandible fragments from 
Leang Burung 1, Trench A , in terms o f the grades recognised by Lamach and Macintosh 
(1971: 4-28) and De Vil l iers (1968: 146-159). The two most complete specimens are 
probably male, as illustrated by their measurements (Table 14). The better preserved o f 
these two (squares 4 and 6, asterisked in Table 6) has the fol lowing attributes. On the left 
side, the sulcus extramolaris, lateral prominence, torus lateralis superior and mylohyoid 
ridge are medium; the sulcus intertoralis, torus marginalis, anterior marginal mbercle, 
digastric fossa, sublingual fossa and submaxillary fossa are slight; and the posterior 
marginal tubercle is prominent. The right side differs from the left (where observable) 
only in its medium development o f the anterior marginal tubercle. There is no 
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Table 15. Comparisons o f the mandibular morphology at Leang Burung 1, Trench A . 
Leang Bumng 1, Trench A condition Australian Melanesia Talaud Islands Northeast 

Aborigines (Indonesia) Asia 
Trigonum mentale large 8.8% 15.1% 46.2% 47.1% 
Planum alveolare declined 83.1% 79.2% 84.6% 18.8% 
Anterior mandibular incurvature trace 

to medium 88.2% 85.9% 70.0% 41.2% 
Large genial spines 11.7% 34.1% 42.9% 40.0% 
Anterior marginal tubercle indistinct 

to medium 82.5%o 75.3% 75.0% 80.0% 
Mental foramen posterior to P2 49.5% 42.3% 45.0% 19.5% 
Sulcus intertoralis absent to slight 72.5%. 52.2% 63.6% 80.0% 
Torus lateralis superior medium to 

marked 59.9% 67.5% 60.0% 20.0% 
Mylohyoid ridge medium to marked 68.4% 74.7% 40.0% 0% 
Lateral prominence slight to medium 78.3%. 68.2% 73.3% 40.0% 
Sulcus extramolaris absent to 

medium 87.6% 88.5% 100% 100% 
Precoronoid fossa medium to deep 78.4% 73.5%o 54.5% 35.3% 
Average of above 64.1% 63.0% 62.9% 43.5% 

mandibular torus development. The single mental foramen is located between the second 
premolar and first molar bilaterally, and is directed in a posterior/superior direction. In 
the region o f the chin, the trigonum mentale is large; the anterior mandibular 
incurvature, fossa mentalis and submental notch are medium; the planum alveolare 
declines slightly backwards; and, there is no superior transverse torus or genial pit. 
Finally, the large genial spines show Type A morphology. 

A broadly similar morphology is shown by matching left and right corpus fragments 
(square 4, spit 11 and square 6, spit 7, see Table 6). The fossa mentalis and sublingual 
fossa are marked; the torus lateralis superior, superior transverse torus and mylohyoid 
ridge are medium; the anterior marginal tubercle is slight; and there is no trace o f a 
mandibular torus. The single mental foramen on the left side, and double mental 
foramina on the right, are located beneath the first molar, and face superiorly. A tiny 
(unsexed) left corpus fragment (square 8, spit 5), which lacks any mandibular toms, 
exhibits a medium torus lateralis superior. A left mandibular condyle (square 4, spit 1), 
which could be from the same individual as any o f the previous three specimens, has a 
frace superior pterygoid tubercle. The left mandibular fragment (square 5, spit 18) 
exhibits a slight sulcus extramolaris and a medium precoronoid fossa. 

Australian Aborigines, Melanesians, Indonesians (Talaud Islands) and Northeast 
Asians have all been observed on many o f these features (Bulbeck 1981: 367-373), 
a l lowing sensible comparisons wi th in the regional context. Table 15 presents the 
percentage incidence o f agreement w i th the range o f variation observed on the mandibles 
from Leang Burung 1, Trench A . ( I f only the 'medium' expression can be observed, then 
the Leang Burung 1 condition is taken as the combination o f its medium expression with 
more extreme expressions, either slight to medium, or medium to large. The decision 
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Table 16. Comparisons of the Tabon mandible morphology. 

Tabon mandible condition Australian Melanesia Talaud I . Northeast 
Aborigines (Indonesia) Asia 

Trigonum mentale medium to large 4 6 . 9 % 6 3 . 0 % 6 9 . 2 % 8 8 . 2 % 

Planum alveolare declined 8 3 . 1 % 79.2%, 8 4 . 6 % 1 8 . 8 % 
Anterior mandibular incurvature absent to slight 4 5 . 0 % 4 5 . 1 % 20.0%, 5 .9% 
Chin positive 7 . 4 % 2 9 . 3 % 6 6 . 7 % 9 4 . 1 % 

Small genial spines 5 9 . 6 % 2 9 . 5 % 28.6%, 4 6 . 7 % 

Anterior marginal tubercle marked 26.4%, 2 6 . 1 % 1 4 . 3 % 20.0%, 
Mental foramen under P2 4 2 . 0 % 5 3 . 5 % 5 5 . 0 % 66.9%, 

Mental foramen large 2 1 . 4 % 48.0%, 3 5 . 0 % 3 5 . 3 % 
Sulcus intertoralis marked 14 .6% 2 2 . 4 % 0 % 6 . 7 % 
Torus lateralis superior slight to medium 8 3 . 0 % 7 8 . 0 % 100%, 1 0 0 % 
Mylohyoid ridge slight 3 1 . 6 % 2 5 . 3 % 6 0 . 0 % 1 0 0 % 
Lateral prominence medium to marked 5 9 . 9 % 7 2 . 1 % 9 3 . 3 % 8 2 . 4 % 

Sulcus extramolaris marked 1 2 . 4 % 1 1 . 5 % 0 % 0 % 
Precoronoid fossa deep 3 0 . 8 % 1 9 . 3 % 0 % 0 % 

Mylohyoid groove absent to slight 2 1 . 6 % 2 8 . 8 % 4 0 . 0 % 9 4 . 1 % 
Lingula absent to slight 6 6 . 0 % 5 3 . 5 % 2 5 . 0 % 35.3%, 

Fossa masseterica fiat to elevated 61.5%, 6 5 . 2 % 6 6 . 7 % 7 3 . 3 % 

Average of above 4 2 . 0 % 44.1%, 4 4 . 6 % 5 1 . 0 % 

on the direction in which to aggregate the medium expressions is based on whichever 
way most retains distinctions between the four comparative series in their frequencies o f 
sharing the Leang Burung 1 condition.) The decline o f the planum alveolare, the 
location o f the mental foramen behind the second premolar, and the medium expression 
of the torus lateralis superior, precoronoid fossa and mylohyoid ridge, clearly 
distinguish the Leang Burung 1 mandibles from Northeast Asian mandibles. The large 
trigonum mentale and genial spines distinguish Leang Burung 1 from most Australian 
and Melanesian mandibles. 

Only the sample o f Talaud Island mandibles repeatedly evinces a 40% or higher agree
ment wi th the Leang Burung 1 condition. Nonetheless the overall average (Table 15, 
bottom row) suggests there is nothing to choose between a southwest Pacific or an Indo
nesian allegiance. As observed in section 5, the late prehistoric teeth from Leang Burung 
1, Trench A , are also equally comfortable wi th either a southwest Pacific or a Southeast 
Asian affinity. These points may reflect the non-diagnostic status o f the l imi ted morpho
logical observations available on the Trench A human remains, or they might suggest 
retention o f relatively archaic features among some Leang-Leang populations unt i l the 
Early Metal Phase. Indeed, all o f the traits described by Hooijer (1950: 61) on the Bola 
Batu mandible agree wi th the features observed on the Leang Burung 1 mandibles. 
Examples include a distinct trigonum mentale, a declined planum alveolare, placement o f 
the mental foramen posterior to P ,̂ a distinct mylohyoid ridge and a weak digastric fossa. 

Few useful data are available on preceramic mandibles from the islands north o f 
Sulawesi, apart from Macintosh's (1978) description o f the Tabon mandible. When the 
same method used in Table 15 is applied to this specimen (Table 16) we find the 
following. The Tabon mandible has a mosaic o f features that are either very rare in 
general (marked sulcus extramoralis), or scarce to absent in late prehistoric to recent 
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East Asians (marl:ed sulcus intertoralis, deep precoronoid fossa), or rare in southwest 
Pacific samples (positive chin, lack o f a mylohyoid groove). Overall the best average 
agreement is achieved wi th Northeast Asians (51%). Macintosh (1978: 158) himself 
claimed the Tabon mandible was typically Australian and very unlike Northeast Asians'. 
However, this is largely because he (Macintosh 1978) decided to use a definifion other 
than his own on whether the chin is positive or negative, and he strangely interpreted 
Tabon's lack o f a mylohyoid groove as an Australian tendency. After correcting 
Macintosh's (1978) indiscretions, but st i l l employing his methodology, I found the 
specimen could wi th equal facili ty be Melanesian or Indonesian (Bulbeck 1981: 392). 
More to the point, the unusual mosaic o f 'Australo-melanesian' and 'Mongoloid ' 
features on the Tabon mandible suggests i t is neither o f these but, instead, refers to an 
earlier morphology before the establishment o f recent southwest Pacific and Southeast 
Asian evolutionary contrasts. 

8. DISCUSSION A N D C O N C L U S I O N S 

The firmest conclusion to be drawn from this study is the meagre quantity o f Toalean 
skeletal material. Future recovery and study o f Toalean human remains may qualify or 
even overturn the impressions gained from the current sample o f fragments. However, 
palaeoanthropology proceeds on the working assumption that the material at hand is 
broadly representative o f its population. 

The two Toalean specimens from Leang Burung and Bola Batu would probably not 
fall outside the range o f variation o f the Bugis and Makasars (and their immediate 
ancestors), especially in mandibular morphology. However, the Toalean specimens 
frequently show atypical attributes, as in their very small teeth, unshovelled upper 
incisor, six-cusped lower first molar, and large min imum frontal breadth. Dental 
morphological comparisons also provide some evidence that the suspected proto-Foa/e' 
burial from the Upper Cakondo cave represents a different population from the ancestors 
o f the Bugis and Makasars. These points could be explained by the suggestion from 
historical linguistic evidence o f some late Holocene immigration o f Austronesian 
speakers to South Sulawesi from Taiwan, w i th a possible ultimate ancestry in South 
China. On the other hand, the Toalean specimens are hard to distinguish from late 
prehistoric and recent Indonesians outside o f South Sulawesi. This may however mean 
that the preceramic inhabitants in those regions were ini t ia l ly very unlike Toaleans in 
their osteology, before becoming more Toalean-like wi th the infusion o f an exogenous 
population from China or Taiwan. Investigation o f this scenario would require a wide-
ranging comparison o f early to middle Holocene, Asian skeletal series, which lies 
beyond the scope o f this paper. 

Attempts were made to compare the Toalean attributes wi th the characteristics of 
populations in places where similar microliths used to be produced. A morphological 
affinity w i th Australian Aborigines can be ruled out, based on the stark difference in 
tooth size, and the dissimilar dimensions o f the mandibular corpus at the mental 
foramen. A South Asian affinity also appears unlikely from the differences in molar cusp 
expression (Table 8) whi le , as noted by Hooijer (1950: 60), Bola Batu's large minimum 
frontal breadth and tall mandibular corpus specifically challenge the Toalean-Veddah 
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relationship proposed by the Sarasins (1905a: 295). The strongest similarities are found 
with the Jomon, who share the Toaleans' microdontism, dental morphology, and large 
minimum frontal breadth. This result is interpreted here as pointing to a broad 
population relationship between ancient Japan and the islands farther south. 

One major finding from craniometric analysis is that the A i n u resemble preceramic 
specimens in Island Southeast Asia and Okinawa as wel l as any other recent population 
does. This holds despite the small teeth o f the A i n u compared to the massive teeth o f 
preceramic Java. The A i n u connection is particularly informative in view o f the Jomon-
Toalean similarity noted above, and the proximity o f Okinawa to the other Japanese 
islands and also to Island Southeast Asia. These links may reflect an ancient population 
complex that had extended from Late Pleistocene Sundaland (as represented by Java and 
Bomeo), through Sulawesi and the Philippines, to Okinawa and the rest o f Japan. 
However, populations along the corridor o f islands from Sulawesi to Japan would then 
have evolved small teeth. This trend is not evident on the post-Pleistocene islands o f the 
Sunda Shelf Whether the trend reflects long-term adaptation to island environments, or 
was caused by genetic drift among geographically isolated populations fol lowing the 
colonisation o f northern Wallacea and islands to the north, is currently unclear. Both o f 
these suggestions are substantiated by geomorphological evidence which suggests that 
the South Sulawesi peninsula, south o f Lake Tempo, may have effectively been an island 
during much o f the Toalean period, c. 7000-2000 BP (Gremmen 1990; Caldwell & 
Lillie, this volume). 

The conventional classification o f preceramic human remains from the Indo-
Malaysian Archipelago as ' O ld Melanesian' (Howells 1973: 177-179) or 'Australo-
Melanesian' (e.g. Jacob 1967a: 176; Bel lwood 1997: 70-89) is challenged by their 
craniometric similarities to the A inu , m y re-assessment o f the morphology o f the Tabon 
mandible, the 'Mongolo id ' dental features o f Tabon, and the small teeth o f the Toaleans. 
Use o f the Australo-melanesian and Mongoloid labels ftirther presumes a middle to late 
Holocene population replacement o f the preceramic indigenes by an immigrant 
Mongoloid population. As noted above, this is simply not justif ied on the available 
evidence. While we do have clear evidence o f late Holocene immigrat ion to Island 
Southeast Asia, and historical linguistic data would point to Taiwan or South China as 
one source o f the immigrants, the evidence has not been produced to indicate the 
migration levels required for 'racial replacement'. Nor do we observe the osteological 
marks, at least in Malaya (Bulbeck 2000a) and South Sulawesi (this paper), for any such 
immigration at any stage before the Early Metal Phase. 
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